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PAGE DEVICE CHANGE DESCRIPTION 


4-15 9LS20 tp_ y(MAX) from “10 ns” to “12 ns” 
. tpy, (MAX) from "10 ns” to “12 ns” 


4-19 9LS30 (MAX) from ‘0.36 mA” to “—0.4 mA” 
tpy, (TYP) from 9.0 ns” to "13 ns” 
tpyy_(MAX) from “15 ns” to 20 ns” 


4-44 9LS133 tpp (TYP) from “17 ns” to “20 ns” 
tppy (MAX) from 25 ns” to "30 ns” 


4-50 Test Circuit for Open Collector Devices 
Add “’R; “ to output load resistor 


5-43 9LS158 tp_ y(MAX) — (Enable to Output) from "16 ns” to "21 ns” 
tpy, (MAX) — (Enable to Output) from “16 ns” to “25 ns” 
tpy_ (MAX) — (Data to Output) from “11 ns” to “13 ns” 


9-92 9LS196/97 lH at MAX input voltage, change Viy, from “10 V" to "5.5 V" 
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LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


INTRODUCTION 1 


INTRODUCTION 


General Description — For many years TTL has been 
the most popular digital integrated circuit technology, 
offering a good compromise between cost, speed, 
power consumption and ease of use. As the price of 
TTL circuits decreased and the average IC complexity 
increased to MSI (medium scale integration), the cost 
and size of the power supply and the difficulty of remov- 
ing the heat dissipated in the TTL circuits became in- 
creasingly important factors. Recent improvements in 
semiconductor processing have made it possible to not 
only reduce TTL power consumption significantly, but 
also to improve the speed over that of standard TTL. 


Fairchild’s 9LS Low Power Schottky TTL family com- 
bines a current and power reduction by a factor 5 (com- 
pared to 7400 TTL) with anti-saturation Schottky diode 
clamping and advanced processing, using shallower 
diffusions and higher sheet resistivity to achieve circuit 
performance better than conventional TTL. With a full 
complement of popular TTL functions available in 9LS 
and the new, more complex and powerful LS! MACRO- 
LOGIC™ circuits introduced in 1975, Low Power 
Schottky is destined to become the dominating TTL 
logic family. 


9LS represents more than just a conventional speed 
versus power trade-off. This is best illustrated by Fig- 
ure 71 which compares QLS to other TTL technologies. 
Note that 9LS dissipates eleven times less power than 
9S or 74S, suffering a delay increase of only 1.7 times. 
9L (Fairchild’s Low Power non-Schottky family) by 
comparison also dissipates eleven times less power than 
74H, and 74L dissipates ten times less power than 
74N, but both suffer a delay increase of 3.4 times. 


The performance of 9LS is not just the result of Schott- 
ky clamping. 9LS is four times faster than 9L at the 
same power dissipation, while 9S and 74S are only two 
times faster than 74H at the same power. The new and 
higher level of efficiency exhibited by 9LS is made pos- 
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sible by advanced processing, which provides better 
switching transistors without any sacrifice in manfac- 
turability. 


To the system designer the advantages of this new TTL 
family are many: 


@ Less supply current allows smaller, cheaper power 
supplies, reducing equipment cost, size and weight. 


@ Lower power consumption means less heat is gener- 
ated, which simplifies thermal design. Packing dens- 
ity can be increased or cooling requirements reduced, ' 
or perhaps both. The number of cooling fans can be 
reduced, or slower, quieter ones Substituted. 


@ Reliability is enhanced, since lower dissipation caus- 
es less chip temperature rise above ambient; lower 
junction temperature increases MTBF. Also, lower 
chip current densities minimizes metal related fail- 
ure mechanisms. 


@ Less noise is generated, since the improved transis- 
tors and lower operating currents lead to much 
smaller current spikes than standard TTL, which 
means that fewer or smaller power supply decoup- 
ling capacitors are needed. In addition, load currents 
are only 25% of standard TTL and 20% of HTTL, 
which means that when a logic transition occurs the 
current changes along signal lines are proportionately 
smaller, as are the changes in ground current. Rise 
and fall times, and thus wiring rules, are the same 
as for standard TTL and more relaxed than for HTTL 
or STTL. 


® Simplified MOS to TTL interfacing is provided, since 
the input load current of LSTTL is only 25% of a stan- 
dard TTL load. 


@ ideally suited for CMOS to TTL interfacing. All Fair- 
child CMOS and most other 4000 or 74C CMOS are 
designed to drive one 9LS input load at 5.0 V. The | 
9LS can also interface directly with CMOS operating 
up to 15 V due to the high voltage Schottky input 
diodes. 


@ Best TTL to MOS or CMOS driver. With the modest 
input current of MOS or CMOS as a load, any 9LS 
output will rise up to within 1 V of Vcc, and can be 
pulled up to 10 V with an external resistor. 


@® Interfaces directly with other TTL types, as indicated 
in the input and output loading tables. 


@® The functions and pinouts are the same as the famil- 
iar 7400/9300 series, which means that no exten- 
sive learning period is required to become adept in 
their use. 


Circuit Characteristics 

The 9LS circuit features are easiest explained by using 
the 9LSOO 2-input NAND gate as an example. The in- 
put/output circuits of all 9LS TTL, including, SSI, MS! 
and MACROLOGIC are almost identical. While the logic 
function and the basic structure of OLS circuits are the 
same as conventional TTL, there are also significant 
differences, as explained below: 


input Configuration | 

LSTTL is considered part of the TTL family, but it does 
not use the multi-emitter input structure that originally 
gave TTL its name. All 9LS TTL, with the exception of 
some early designs (see Note 1), employ a DTL-type 
input circuit which uses Schottky diodes to perform the 
AND function. Compared to the classical multi-emitter 
structure, this circuit is faster and it increases the input 
breakdown voltage to 15 V. Each input has a Schottky 
clamping diode which conducts when an input signal 
goes negative, as indicated by the input characteristic 
of Figure 3. This helps to simplify interfacing with those 
MOS circuits whose output signal tends to go negative. 
For a long TTL interconnection, which acts like a trans- 
mission line, the clamp diode acts as a termination for 
a negative-going signal and thus minimizes ringing. 
Otherwise, ringing could become significant when the 
finite delay along an interconnection is greater than 
one-fourth the fall time of the driving signal. 


The effective capacitance of an LSTTL input is approxi- 
mately 3.3 pF. For an input which serves more than one 
internal function, each additional function adds 1.5 pF. 


Note 1. The 9LSO3, 05, 22, 74, 109, 112, 113 and 114 use transistor inputs 
at present, but will be redesigned by the first part 2 1976 to in- 
corporate diode inputs. 


TYPICAL INPUT CURRENT- 
VOLTAGE CHARACTERISTIC 
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Vin — INPUT VOLTAGE — V 


Output Configuration 

The output circuits of 9LS Low Power Schottky TTL 
have several features not found in conventional TTL. 
A few of these features are discussed below. 


@ The base of the pull-down output transistor is re- 
turned to ground through a resistor-transistor net- 
work instead of through a simple resistor. This 
Squares up the transfer characteristics since it pre- 
vents conduction in the phase-splitter until base 
current is supplied to the pull-down output transis- 
tor. This also improves the propagation delay and 
transition time. (See Figure 4) 


The output pull-up circuit is a 2-transistor Darling- 
ton circuit with the base of the output transistor re- 
turned through a 5 kQ resistor to the output terminal. 
(Unlike 74H and 74S where it is returned to ground, 
which is a more power consuming configuration). 

This configuration allows the output to pull-up. to 
one Ver below Vcc for low values of output current. 


As a unique feature, the 9LS outputs use a Schottky 
diode in series with the Darlington collector resistor. 
This diode allows the output to be pulled substantial- 
ly higher than Vcc (e.g., to +10 V, convenient for 
interfacing with CMOS). For the same reason the 
parasistic diode of the base return resistor is connect- 
ed to the Darlington common collector, not to Vcc. 
Some early 9LS designs — the 9LSOO, O02, 04, 10, 
11, 20, 32, 74, 109, 112, 113 and 114 — do not have 
the diode in series with the Darlington collector resis- 
tor. These outputs are, therefore, clamped one diode 
drop above the positive supply voltage (Vcc). These 
older circuits also contain a “speed-up” diode that 
supplies additional phase splitter current while the 
output goes from HIGH to LOW and also limits the 
maximum output voltage to one diode drop above 
Vcc. Since this is the fastest transition even with- 
out additional speed-up, this diode is omitted in all 
new designs. 


Output Characteristics 


Figure 5 shows the LOW state output characteristics. 
For low Io, values, the pull-down transistor is clamped 
out of deep saturation which contributes to speed. The 
curves also show the clamping effect when Io, tends 
to go negative, as it often does due to reflections on a 
long interconnection after a negative-going transition. 
This clamping effect helps to minimize ringing. 


The waveform of a rising output signal resembles an 
exponential, except that the signal is slightly rounded 
at the beginning of the rise. Once past this initial round- 
ed portion, the starting edge rate is approximately 
0.5 V/ns with a 15 pF load and 0.25 V/ns with a 50 
pF load. For analytical purposes, the rising waveform 
can be approximated by the following expression. 


v(t) = Vo. + 3.7 [1 — exp (-t/T)] 
where 

T= 8 ns for C; = 15 pF 

= 16 ns for C, = 50 pF 

The waveform of a falling output signal resembles that 
part of a cosine wave between angles of 0° and 180°. 
Fall times from 90% to 10% are approximately 4.5 ns 
with a 15 pF load and 8.6 ns with a 50 pF load. Equiva- 
lent edge rates are approximately 0.8 V/ns and 0.4 
V/ns, respectively. For analytical purposes, the falling 


waveform can be approximated by the following ex- 
pression. 


v(t) = Vo_ + 1.9 at) [1 + cos wt] — 


where 


u(t) = 0 for t < O 
=1fort>0O 


and 


“(t-a) =O fort<a 
=1fort>a 


TYPICAL OUTPUT VERSUS 
INPUT VOLTAGE 
CHARACTERISTIC 
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TYPICAL OUTPUT CURRENT- 
VOLTAGE CHARACTERISTIC 


VoL — OUTPUT VOLTAGE — V 


lo_ — OUTPUT CURRENT — mA 


1.9 u(t—a) [1 + cos w(t—a)] 


For t in nanoseconds and C,; = 15 pF, 
a= 7.5 ns, w = 0.42 
For C; = 50 pF, 


a= 14 ns, w = 0.23 
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AC Switching Characteristics 

The average propagation delay of a Low Power Schottky 
gate is 5 ns at a load of 15 pF as shown in Figure 6. The 
delay times increase at an average of 0.08 ns/pF for 
larger values of capacitance load. These delay times are 
relatively insensitive to variations in power supply and 
temperature. The average propagation delay time 
changes less than 1.0 ns over temperature and less than 


TYPICAL PROPAGATION DELAY 
VERSUS LOAD CAPACITANCE 


tpp — PROPAGATION DELAY — ns 


Ci ~ LOAD CAPACITANCE — pF 


Fig. 6. 


PROPAGATION DELAY CHANGE 
WITH TEMPERATURE 


Atpp — PROPAGATION DELAY CHANGE — ns 


Ta — AMBIENT TEMPERATURE — °C 


Fig. 8. 


0.5 ns with Vcc for the military temperature and volt- 
age ranges. (See Figures 8 and 9). 


The power versus frequency characteristics of the 9LS 
family, as shown in Figure 7, indicate that at operating 
frequencies above 1 MHz the Low Power Schottky de- 
vices are more efficient than CMOS for most applica- 
tions. 


TYPICAL POWER 
DISSIPATION VERSUS INPUT 
FREQUENCY FOR SEVERAL 
POPULAR LOGIC FAMILIES 
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PROPAGATION DELAY CHANGE 
WITH SUPPLY VOLTAGE 


Ta = +25°C 


Atpp — PROPAGATION DELAY CHANGE — ns 
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET 


CURRENTS — Positive current is defined as conventional current flow into a device. Negative current is 
defined as conventional current flow out of a device. All current limits are specified as absolute values. 


Icc Supply current — The current flowing into the Vcc supply terminal of a circuit with the 
specified input conditions and the outputs open. When not specified, input conditions are 
chosen to guarantee worst case operation. 


NH Input HIGH current — The current flowing into an input when a specified HIGH voltage 
is applied. 

Ne Input LOW current — The current flowing out of an input when a specified LOW voltage 
is applied. 

lOH Output HIGH current — The leakage current flowing into a turned off open collector out- 


put with a specified HIGH output voltage applied. For devices with a pull-up circuit, the 
loOH is the current flowing out of an output which is in the HIGH state. 


lOL Output LOW current — The current flowing into an output which is in the LOW state. 


los Output short circuit current — The current flowing out of an output which is in the HIGH 
state when that output is short circuited to ground (or other specified potential). 


lIOZH Output off current HIGH — The current flowing into a disabled 3-state output with a speci- 
fied HIGH output voltage applied. 


lOZL Output off current LOW — The current flowing out of a disabled 3-state output with a speci- 
fied LOW output voltage applied. 


VOLTAGES ~— All voltages are referenced to ground. Negative voltage limits are specified as absolute 
values (/.e., —10 V is greater than —1.0 V). 


Vcc Supply voltage — The range of power supply voltage over which the device is guaranteed 
to operate within the specified limits. 


VcCD(MAX) Input clamp diode voltage — The most negative voltage at an input when 18 mA is forced 
out of that input terminal. This parameter guarantees the integrity of the input diode which 
is intended to clamp negative ringing at the input terminal. 


VIH Input HIGH voltage — The range of input voltages that represents a logic HIGH in the 
system. 

VIH(MIN) Minimum input HIGH voltage — The minimum allowed input HIGH in a logic system. This 
value represents the guaranteed input HIGH threshold for the device. 

Vit Input LOW voltage — The range of input voltages that represents a logic LOW in the 
system. 


ViL(MAX) Maximum input LOW voltage — The maximum allowed input LOW in a system. This value 
represents the guaranteed input LOW threshold for the device. 


VOH(MIN) Output HIGH voltage — The minimum voltage at an output terminal for the specified out- 
put current Io}, and at the minimum value of Vcc. 


VOL(MAX) Output LOW voltage — The maximum voltage at an output terminal sinking the maximum 
specified load current Io, . 


DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET (Cont'd) 


VT+ 


Vr 


Positive-going threshold voltage — The input voltage of a variable threshold device 
(.e., Schmitt Trigger) that is interpreted as a Vj, as the input transition rises from below 


VT-(MIN)- 


Negative-going threshold voltage — The input voltage of a variable threshold device 
(.e., Schmitt Trigger) that is interpreted as a Vj as the input transition falls from above 


VT+(MAX): 


AC SWITCHING PARAMETERS 


fMAX 


'PLH 
(PHL 


tw 


th 


'PHZ 
tp_z 
'PZH 
'PZL 


trec 


Toggle frequency/operating frequency — The maximum rate at which clock pulses may 
be applied to a sequential circuit. Above this frequency the device may cease to function. 


Propagation delay time — The time between the specified reference points, normally 1.3 V 
on the input and output voltage waveforms, with the output changing from the defined 
LOW level to the defined HIGH level. 


Propagation delay time — The time between the specified reference points, normally 1.3 V 
on the input and output voltage waveforms, with the output changing from the defined 
HIGH level to the defined LOW level. 


Pulse width — The time between 1.3 V amplitude points on the leading and trailing edges 
of a pulse. 


Hold time — The interval immediately following the active transition of the timing pulse 
(usually the clock pulse) or following the transition of the control input to its latching level, 
during which interval the data to be recognized must be maintained at the input to ensure 
its continued recognition. A negative hold time indicates that the correct logic level may 
be released prior to the active transition of the timing pulse and still be recognized. 


Set-up time — The interval immediately preceding the active transition of the timing pulse 
(usually the clock pulse) or preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must be maintained at the input to 
ensure its recognition. A negative set-up time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing pulse and still be recognized. 


Output disable time (of a 3-state output) from HIGH level — The time between the 
1.3 V level on the input and a voltage 0.5 V below the steady state output HIGH level with 
the 3-state output changing from the defined HIGH level to a high-impedance (off) state. 


Output disable time (of a 3-state output) from LOW level — The time between the 1.3 V 
level on the input and a voltage 0.5 V above the steady state output LOW level with the 
3-state output changing from the defined LOW level to a high-impedance (off) state. 


Output enable time (of a 3-state output) to a HIGH level — The time between the 1.3 V 
levels of the input and output voltage waveforms with the 3-state output changing from a 
high-impedance (off) state to a HIGH level. 


Output enable time (of a 3-state output) to a LOW level — The time between the 1.3 V 
levels of the input and output voltage waveforms with the 3-state output changing from a 
high-impedance (off) state to a LOW level. 


Recovery time — The time between the 1.3 V level on the trailing edge of an asynchronous 
input control pulse and the 1.3 V level on a synchronous input (clock) pulse such that the 
device will respond to the synchronous input. 
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LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


DESIGN CONSIDERATIONS 


Supply Voltage and Temperature Range tolerance (+500 mV) over an ambient temperature 
The nominal supply voltage (Vcc) for all TTL circuits is range of —55°C to +125°C. 
+5.0 V. Commercial grade parts are guaranteed to per- 


form with a +5% supply tolerance (£250 mV) over an TTL families may be mixed for optimum system design. 
ambient temperature range of O°C to 75°C. MiL-grade The following tables specify the worst case noise im- 
parts are guaranteed to perform with a +10% supply munity in mixed systems. 


Worst Case TTL DC Noise Immunity / Noise Margins 


Electrical Characteristics 
Military (“55 to +125°C)|Commercial (0 to 75°C)| 
Symbol Fairchild TTL Families vi | Yn [You | You | ViVi [Vou [Vou [Uae 
TTL Standard TTL 9000, 9N (54/74) 
High Speed TTL 9H (54H/74H) 
Low Power TTL, 93L00 (MSI) 
Schottky TTL 9S (54S/74S), 93S00 


VOL and VOH are the voltages generated at the output. Vj, and Vj} are the voltage required at the input to generate 
the appropriate output levels. The numbers given above are guaranteed worst-case values. 


LOW Level Noise Margins (Military) HIGH Level Noise Margins (Military) 


From “VoL to “Vie From “Voy” to “Vin” 


LOW Level Noise Margins (Commercial) HIGH Level Noise Margins (Commercial) 


400 400 
400 400 


400 400 
400 400 400 400 # £400 
500 500 500 #500 ~~ 500 
300 300 300 300 
300 300 300 300 


400 400 
700 700 
700 700 
From “Vox” to “Vii” From ““VOH' to “Vi” 
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Fan-in and Fan-out 

In order to simplify designing with Fairchild TTL de- 
vices, the input and output loading parameters of all 
families are normalized to the following values: 


1 TTL Unit Load (U.L.) = 40 vA 
in the HIGH state (logic ‘’1”’) 


1 TTL Unit Load (U.L.) = 1.6 mA 
in the LOW state (logic ‘’O”’) 


Input loading and output drive factors of all products 
described in this handbook are related to these defini- 
tions. 


EXAMPLES — INPUT LOAD 


1.A 9NO0/7400 gate, which has a maximum |}, of 
1.6 mA and |),4 of 40 WA is specified as having an in- 
put load factor of 1 U.L. (Also called a fan-in of 1 
load.) 


2. The 9LS95 which has a value of |; = 0.8 mA and 
li Of 40 WA on the CP terminal, is specified as 
having an input LOW load factor of 


0.8 mA 


or 0.5 U.L. 
1.6 mA 


and an input HIGH load factor of 


40 uA 


or 1 ULL. 
40 uA 


3. The 9LSOO gate which has an I, of 0.36 mA and an 
lH Of 20 WA, has an input LOW load factor of __ 


0.36 mA 


GA or 0.225 ULL. 


(normally rounded to 0.25 U.L.) and an input HIGH 
load factor of 


20 UA 


or 0.5 ULL. 
40 uA 


EXAMPLES — OUTPUT DRIVE 


1. 
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The output of the 9NOO/7400 will sink 16 mA in 
the LOW (logic ‘’0’’) state and source 800 WA in the 
HIGH (logic ‘’1"’) state. The normalized output LOW 
drive factor is therefore 


AB 9G. 
1.6 mA _ 


and the output HIGH drive factor is 


800 LA 


or 20 ULL. 
40 uA 


. The output of the 9LSOOXC (Commercial Grade) 


will sink 8.0 mA in the LOW state and source 400 vA 
in the HIGH state. The normalized output LOW drive 
factor is 


8.0 mA 
1.6 mA 


or 5 ULL. 


and the output HIGH drive factor is 


400 WA 


1 WL. 
40 WA or 10 ULL 


Relative load and drive factors for the basic TTL fami- | 
lies are given in Jable /. 


TABLE | 


INPUT LOAD 
HIGH LOW 


OUTPUT DRIVE 


FAMILY 


9LSOO 5 ULL. 
9NO0/7400 10 ULL. 
9000 10 ULL. 
9HO0/74HOO 


9S00/74S00 


Values for MSI devices vary significantly from one ele- 
ment to another. Consult the appropriate data sheet for 
actual characteristics. 


Wired-OR Applications 

Certain TTL devices are provided with an “open” col- 
lector output to permit the Wired-OR (actually Wired- 
AND) function. This is achieved by connecting open 
collector outputs together and adding an external pull- 
up resistor. 


The value of the pull-up resistor is determined by con- 
sidering the fan-out of the OR tie and the number of 
devices in the OR tie. The pull-up resistor value is cho- 
sen from a range between a maximum value (estab- 
lished to maintain the required Voy with all the OR 
tied outputs HIGH) and a minimum value (established 
so that the OR tie fan-out is not exceeded when only 
one output is LOW). 


MINIMUM AND MAXIMUM PULL-UP 
RESISTOR VALUES 


_ Vec(MAx) — VOL 
X(MIN) "Io, — No(LOW) © 1.6 mA 


Ry _ Vec(MiN) — Vou 
(MAX) ~ Na © low + No(HIGH) © 40 nA 


where: 

Rx = External Pull-up Resistor 

Ny = Number of Wired-OR Outputs 

No = Number of Input Unit Loads being Driven 

lon = IcEx= Output HIGH Leakage Current 

lOL = LOW Level Fan-out Current of Driving Element 
VOL = Output LOW Voltage Level (0.5 V) 

VOH = Output HIGH Voltage Level (2.4 V) 

Vcc = Power Supply Voltage 


Example: Four 9LSO3 gate outputs driving four other 9LS 
gates or MSI inputs. 


: _ 5.25V-O05V _ 
X(MIN) gmA-—1.6mA  6.4mA 


475V-2.4V 2.35 V 
R SS SS SS ee SO kD 
X(MAX) 40100 uA+2¢40uA 0.48 mA 
where: 
Ny = 4 
No(HIGH) = 4°0.5U.L.=2 UL. 
No(LOW) = 4°0.25U.L =1ULL. 
IOH = 100 UA 
IOL = 8mA 
VOL = 0.5V 
VOH = 24V 


Any value of pull-up resistor between 742 Q and 4.9 kQ 
can be used. The lower values yield the fastest speeds 
while the higher values yield the lowest power dissipa- 
tion. 


Unused Inputs 


For best noise immunity and switching speed, unused 
TTL inputs should not be left floating, but should be 
held between 2.4 V and the absolute maximum input 
voltage. 


Two possible ways of handling unused inputs are: 


1. Connect unused input to Vcc. Most 9LS inputs have 
a breakdown voltage > 15 V and require, therefore, 
no series resistor. For all multi-emitter conventional 
TTL inputs, a 1 to 10 kQ current limiting series resis- 
tor is recommended, to protect against Vcc tran- 
sients that exceed 5.5 V. 


2. Connect the unused input to the output of un unused 
gate that is forced HIGH. 


CAUTION: Do not connect an unused LSTTL input 
to another input of the same NAND or AND func- 


tion. This method, recommended for normal TTL, 
increases the input coupling capacitance and thus 
reduces the ac noise immunity. 


Interconnection Delays 

For those parts of a system in which timing is critical, 
_ designers should take into account the finite delay along 
the interconnections. These range from about 0.12 to 
0.15 ns/inch for the type of interconnections normally 
used in TTLsystems. Exceptions occur in systems using 
ground planes with STTL to reduce ground noise during 
a logic transition; ground planes give higher distribut- 
ed capacitance and delays of about 0.15 to 0.22 ns/ 
inch. 


Most interconnections ona logic board are short enough 
that the wiring and load capacitance can be treated as 
a lumped capacitance for purposes of estimating their 
effect on the propagation delay of the driving circuit. 
When an interconnection is long enough that its delay 
is one-fourth to one-half of the signal transition time, 
the driver output waveform exhibits noticeable slope 
changes during a transition. This is evidence that dur- 
ing the initial portion of the output voltage transition 
the driver sees the characteristic impedance of the in- 
terconnection (normally 150 Q to 200 Q), which for tran- 
sient conditions appears as a resistor returned to the 
quiescent voltage existing just before the beginning of 
the transition. This characteristic impedance forms a 
voltage divider with the driver output impedance, tend- 
ing to produce a Signal transition having the same rise 
or fall time as in the no-load condition but with a re- 
duced amplitude. This attenuated signal travels to the 
far end of the interconnection, which is essentially an 
unterminated transmission line, whereupon the signal 
starts doubling. Simultaneously, a reflection voltage is 
generated which has the same amplitude and polarity 
as the original signal, e.g., if the driver output signal is 
positive-going the reflection will be positive-going, and 
as it travels back toward the driver it adds to the line 
voltage. At the instant the reflection arrives at the driv- 
er it adds algebraically to the still-rising driver output, 
accelerating the transition rate and producing the no- 
ticeable change in slope. 


If an interconnection is of such length that its delay is 
longer than half the signal transition time, the attenu- 
ated output of the driver has time to reach substantial 
completion before the reflection arrives. In the limit, 
the waveform observed at the driver output is a 2-step 
signal with a pedestal. In this circumstance the first 
load circuit to receive a full signal is the one at the far 
end, because of the doubling effect, while the last one to 
receive a full signal is the one nearest the driver since 
it must wait for the reflection to complete the transi- 


tion. Thus, in a worst-cast situation, the net contribution 
to the overall delay is twice the delay of the intercon- 
nection because the initial part of the signal must travel 
to the far end of the line and the reflection must return. 


When load circuits are distributed along an intercon- 
nection, the input capacitance of each will cause a small 
reflection having a polarity opposite that of the signal 
transition, and each capacitance also slows the transi- 
tion rate of the signal as it passes by. The series of small 
reflections, arriving back at the driver, is subtractive 
and has the effect of reducing the apparent amplitude 
of the signal. The successive slowing of the transition 
rate of the transmitted signal means that it takes longer 
for the signal to rise or fall to the threshold level of any 
particular load circuit. A rough but workable approach 
is to treat the load capacitances as an increase in the 
intrinsic distributed capacitance of the interconnec- 
tion. Increasing the distributed capacitance of a trans- 
mission line reduces its impedance and increases its 
delay. A good approximation for ordinary TTL intercon- 
nections is that distributed load capacitance decreases 
the characteristic impedance by about one-third and 
increases the delay by one-half.. 


Another advantage of LSTTL has to do with its output 
impedance during a positive-going transition. Whereas 
the low output impedance of STTL and HTTL allows 
these circuits to force a larger initial swing into a low 
impedance interconnection, the low output impedance 
also has a disadvantage. It makes the reflection coef- 
ficient negative at the driven end of the interconnec- 
tion, a circumstance that exists any time a transmission 
line is terminated by an impedance lower than its char- 
acteristic impedance. This means that when the reflec- 
tion from the (essentially) open end of the interconnec- 
tion arrives back at the driver it will be re-reflected with 
the opposite polarity. The result is a sequence of reflec- 
ted signals which alternate in sign and decrease in 
magnitude, commonly known as ringing. The lower the 
driver output impedance, the greater the amplitude of 
the ringing and the longer it takes to damp out. 


The output impedance of LSTTL, on the other hand, is 
closer to the characteristic impedance of the intercon- 
nections commonly used with TTL, and ringing is prac- 
tically non-existent. Thus no special packaging Is re- 
quired. This advantage, combined with excellent speed, 
modest edge rates and very low transient currents, are 
some of the reasons that designers have found LSTTL 
extremely easy to work with and very cost effective. 
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4-Bit Right/Left Shift Register 
4-Bit Shift Register (9300 Type) 
Decade Counter 
4-Bit Binary Counter 
8-Input Multiplexer (3-State) 
Dual 4-Input Multiplexer (3-State) 
Quad 2-Input Multiplexer (3-State) 
Quad 2-Input Multiplexer (3-State) 
8-Bit Addressable Latch (9334) 
Quad Exclusive NOR (Open Collector) 
Quad Set-Reset Latch 
4-Bit Full Adder (Rotated LS83) 
Decade Counter 
4-Bit Binary Counter 
4-Bit Shift Register (3-State) 
Quad 2-Input Multiplexer w/Output Latches 
Hex Buffer w/Common Enable (3-State) 

Hex Inverter w/Common Enable (3-State) 
Hex Buffer, 4-Bit & 2-Bit (3-State) 

Hex Inverter, 4-Bit & 2-Bit (3-State) 
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Data. Patt SWitCh iain cere heen ban saealn dh alr sie ha OSs OS 
Arithmetic Logic Register Stack ........... cece eee cee cece eens 
PrOGlaMm SlaCh aii eh aoe OS ONO CE KOR OEE Mie RADARS Aw AEROS 
Data Access Register ......... ccc ccc cece cece tet e eee e eee eeneee 
16 x 4 Clocked RAM (3-State) ........... ccc cece cece ee eee eee 
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SSI SELECTOR AND REPLACEMENT GUIDE 


Low Power Std. TTL High Speed High Speed LSTTL 
Schottky 9N(54/74) | 9H(54/74H) | Schottky Data Sheet 
Function 5 ns/2 mW | 10 ns/10 mW | 6 ns/22 mW | 3 ns/19 mW Page No. 


NAND Gates 


9LS04 9NO4 9HO4 9S04 | 
Hex Inverters (54/74LS04) | (54/7404) | (54/74HO4) | (54/74S04) 4-6 
ar : 9S04A 
~ 9LSO5 9NO5 — 9HO5 9S05 
Hex Inverts (0.C.) (54/74LS05) | (54/7405) | (54/74HOS5) | (54/74S05). | D- 4-7 
We or aR, Seeeee: Le OI Cr Pa oe 
Sekt 4h 9LS14  9ON14 bos oe : | me 
Hex Schmitt Trigger - (54/74LS14) (54/7414) : a _ 4-12 
Settee | gisoo | =9nc0 =|; Ss gHOOS|~S gsco |S, re 
| (54/74LS00) | (54/7400) | (54/74HOO) | (54/74S00) | 
 9Lso3 — 9NO3 9HO1 9503 | 
Quad 2-Input (O.C.) | (64/74LS03) | (54/7403) | (84/74H01) | (54/74S03) 48 


9LS37 - 9N37 


Quad 2-Input(0.c. | 9ts38 | nse | oe ere 
48 mA) (54/74LS138)| (54/7438) 
. 9LS132 9N132 9$132 
Quad 2-Input Schmitt | (54/74L$132)| (54/74132) Le | (54/7481 32) 4-42 
D-3 


Quad 2-Input (48 mA) 


(54/74L810) | (54/7410) | (54/74H10) | (54/748S10) | 
Dual 4input (0.C) AP A ee 
posts apur euler Ba ee yee ey aviare a il 


ee 91S30 9N30 - 9H30 9830 546 
(54/74LS30) | (54/7430) | (54/74H30) | (54/74S30) | 


NOR Gates 


a - 9LS02 9NO2 9S02 a 
es (54/74LS02) | (54/7402) (54/74S02) 
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SS!| LOGIC SYMBOLS 


9LSO04, 9LSO5, 9LS14 9LSOO, 9LSO3, 9LS37 
9LS38, 9LS132 


9LS20, 9LS22, 
9LS40 
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SSi SELECTOR AND REPLACEMENT GUIDE 


Low Power Std. TTL High Speed High Speed LSTTL 
Schottky 9N(54/74) | 9H(54/74H) | Schottky Logic | Data Sheet 
Function 5 ns/2mW |10nsA0 mw| 6 ns/22 mW | 3 ns/19 mW | Symbol| Page No. 


AND Gates | 
9.sos. | 9nos |  9HO8  gsos”—st | 
eal co (54/74LS08) | (54/7408) | (54/74HO8) | (54/74S08) | 2-7 
| 9LSO9 9NO9 9HO9 9S09 | 
Quad 2-Input(O-C:) 1 (54/7aisog) | (54/7409) | (54/74HO9) | (54/74s09) | 27 | 49. 
aaah 9LS11 ON11 9H11, 9811 
(54/74LS11) | (54/7411) (54/74H11) | (54/74811) | 


4-11 

. ees 9LS15 QH15 9S15 

hielo Inpani:c) (54/74LS15) fz (54/74H15) | (54/74815) ae 
| 9LS21 9N21 9H21 

ee (54/74L821) | (54/7421) | (54/74H21) Ls ae 


OR Gates 


9LS32. | 9N32 — 9$32 
Quad: 2-Input (54/74LS32) | (54/7432) Lo 4 (54/74S32) p00 4-20 


Exclusive OR Gate 


Quad 2-Input (54/74LS86) | (54/7486) sa 


~ 9LS136 
(54/74LS136) 


9LS266 
| (54/74LS266) 


Quad 2-Input (O.C) 


Exclusive NOR Gate 


9386 
(8242) _ 


Quad 2-Input (O.C.) 4-46 © 


AND-OR-INVERT Gates | 


| 9LS51 QN51 9H51 9551 | 
Dual 2-2 Input (64/74851) | (54/7451) | (54/74H51) | (54/74851) 4-24 


my 


9LS54 
2-2-3-9 Inpu efatse| | | 


9LS55 
4-4 Input (54/74LS55) 
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SSI LOGIC SYMBOLS 


‘9LSO8, 9LSOY 9LS11, 9LS15 


9LS86, 9LS136 9LS266 
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SSI SELECTOR AND REPLACEMENT GUIDE 


Low Power Std. TTL High Speed | High Speed LSTTL 
Schottky 9N(54/74) | 9H(54/74H) | Schottky | Data Sheet 
Function 5 ns/2 mW_ |10 ns/10 mW | 6 ns/22 mW | 3 ns/19 mW Page No. 


Dual Flip-Flops 


Dual JK 


9LS73 9N73 9H73, 103 
(54/74LS73) | (54/7473) | (55/74H73, 4-27 
54/74H103) 
—9LS74 9N74 9H74 9S74 | 
Pa (54/74LS74) | (54/7474) (54/74H74) | (54/74S74) 4-29 
Burge 9LS109 9024 9$109 
(54/74LS109) | (54/74109) (54/74S109) 
9LS112 9S$112 
-34 
_— rl ee 
9LS113 9S$113 
: -36 
= efasno| | fein fa 
9LS114 98114 
: 4-38 


4-32 


SSi FLIP-FLOP LOGIC DIAGRAM 


D16 


Vcc = Pin4 Vcc = Pin 14 
GND = Pin 11 GND = Pin 7 
9LS73 9LS74 


Vcc = Pin 16 Vcc = Pin 16 
GND = Pin 8 GND = Pins 
9LS109 9LS112 


D21 


Vcc = Pin 14 Vcc = Pin 14 
GND = Pin 7 GND = Pin 7 
9LS113 9LS114 


MSI SELECTOR GUIDE BY FUNCTION 


Arithmetic and Macrologic Operators 
(CLA = Carry Lookahead) 


¢ 
2 
oO sand 
c 2 8 2 g e 2) 
Aaa ey a | 
3 Q 5 rs Ss | Eas 
5 > r Oan 
Li. Lu @ ° © al 3 So 
Q a) 2 3 QO 
° 
: a. 
9LS83/ , | 
Adder 741583 Full Binary 4-Bit w / Carry 5-6 
9LS283/ 
Adder 741.$283 Full Binary 4-Bit wr Gainy gy 5-109 
9LS181/ 
Arithmetic Logic Unit 7415181 ALU with External CLA pa |e 5-63 
' 4-Bit ALU, 4-Bit 
Arith. Logic Reg. Stack 9405 Registers, Ext. CLA ps | 7 6-24 
Data Path Switch 9404 Mut. Arith. /Logic Oper. be 6-20 
Cyclic Redundancy Chk. | 9401 | CRC Generator Checker 6-3 
LIFO P-Stack 9406 Last-In First-Out Memory cae 6-31 
R-Stack 9410 16x4 Random Access Memory 6-48 
w / Output Register 
FIFO 9403 First-In First-Out Memory cE 6-7 


MSI SELECTOR GUIDE BY FUNCTION 


Counters 
A = Asynchronous S = Synchronous 


ig to 14 
: ao) LL = ~ 2 .~) re 
c g g|%3| es | 62 | 8s) 18s 
s Ww —~| § | 6 | oe ge EG < 
5 > rs Ox 2> S | go 
ve tf a | © x= x o£ Bq 
a a | o ol S46 3 a 
O = Oo ~ 
Asynchronous 9LS197 /74LS197 2x8 }a] 2} 70 | 60 | 60 | 5-89 
10 
16 
10 
16 


MSI SELECTOR GUIDE BY FUNCTION 


Decoders/Demultiplexers 
Unit Load (UL) = 40 vA HIGH/1.6 mA LOW 


‘ON 96eq 2) 
weeys EQ a 
TLLST Te Lo Lo LO Lo LO LO 


uoledissig 48M0d Sa) oF) o oe) oo) . 
Aejag ejqeug N _ N 

- Aejag sseuppy N oP) re) - N ~ 
a6eijoA indino > 

10}93}}09 uedoO iG 


s1nd3no MO eAnoY > 
xt 


91984 MOT 8AnIY 


1+1 


zt 
+ 
wz 
N 
+ 
N 
“s oO 
sjndu} ssauppy . “ “I «9 o m” = 
N — 
A 
A ESD Ke) ice) oO) fee] 
QO) PH) Sw) Fo) ~ a] Io) 9 
: Cc - - - 
ON 3J9DIASG —N!| “NI —-NI NWN! TH] -WnIl TH 
HA nA nI| na! vnrdal| nial oa 
33/591] 54¢/ 54/44] 34¢)/ 3s 
Orlanrl|lanr | aR an| aR] aR 
+ t + 
be cond —— booed 
fo) _o (o) 
uonjouny oe oe ee ee ee ee 
9 : 3 S ie) S i) 
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MSI SELECTOR GUIDE BY FUNCTION 


Latches/Flip-Flops 


os 
oa re) | c 
r = of ~ > S 
¢ 5 O <2 ac we Oo-= = ae 
: E | § S=. | #8] g2 | of | ££ | Gaz 
5 : E ro wei Of | ey | OF | aes 
i ® E e2 | p= | $8 | gf | SE | “88 
0 5 ge | 3] 86 | & 3 a* 
ce | i . a 
oc 
: 9LS279/ 
9LS196/ 
4-Bit D Latch 9LS197/ 5-89 


74LS197 


4-Bit D Flip-Flop mI 
9LS298/ 


74LS298 axe 


4-Bit D Flip-Flop 


0 

. : 
B a 

Oo © 
C el 


= > 
x x 
oO 0 
|. 


9LS174/ 
74LS174 


80 5-57 


6-Bit D Flip-Flop — 
9LS259/ 


8-Bit Add. Latch 74LS259 


1(L) 

3 add. bits 
; 9LS170/ 

4x4 Register File 7415170 2 25 
4x4 Register File 9LS670/ 
(3-state) 74LS670 


ESM EMH — 
aS 
x 
Oo 
i 
fe 
a 
1) 
e 
Oo 
N 
a 


ae 
or 


Monostables (One-Shots) 


Pulse Width 
Variation (%) 


2 
Q 
A] 
£ 
® 
” 
® 
ce 


” 
= 
= 
e 
pe] 
& 
= 
@) 
£ 
= 
a 


Function 
LSTTL 
DAta Sheet 
Page No 


2 
oe 
@ 
2 
” 
2 
QO 
) 
® 
3 
oO 
a. 


‘e) 
2 
TY) 
Oo 
> 
Tf 
a) 
Dual Retriggerable 96LO02 


Dual Retriggerable 96S02 
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MSI SELECTOR GUIDE BY FUNCTION 


Multiplexers 
Unit Load (UL) = 40 vA HIGH/1.6 mA LOW 


Function 
Select Delay 
ns (typ) 
Enabie Delay 
ns (typ) 
ns (typ) — 


fe) 
2 
uJ 
= 
> 
Lu 
Q 


” 

Gel 
= 
a. 

£ 

2 

2 

@ 

Cc 

ul 


Data Delay 


Power Dissipation 


Io 


Complement Output 


Quad 2-Input 
| Quad 2-Input 
Quad 2-Input 
ae 2-Input 
eneeam “ra 
Dual 4-Input 
Dual 4-input 
8-Input 
8-Input 
8-Input 


x fre fe | a jae] 


3- State 


ae 


scot 


we 
mace 
SMO COS 
ont el col os CE 
SERS 00 
oct oe a 
ese 


Ww 
Lo) 


3-State 


~ 
po 
a. 
ous 
= 
© 
@ 
2 


LSTTL 
Data Sheet 
Page No 


5-38 


5-41 


5-102 


5-105 


5-121 


5-31 


5-99 


oa 
ND 
© 


MSI SELECTOR GUIDE BY FUNCTION 


Registers 
A = Asynchronous S = Synchronous 


Parallel-in / Parallel-out 9LS295 / 


| g s | 8 
he a. _—t ~ 
c S Eg te | $2 | Bal (86 
) x = "S £2 
= Ww us cO xe 0 ” re Fu 
c 2 oO Qn 9c ra} nad 
S S =. Ort “> a al & 
a g= @ o6 3 
= QO a 
Parallel-in / Parallel-out 9LS95/ 5-15 
Shift Right 74LS95 
Parallel-in / Parallel-out 9LS195/ : 
Shift Right 74LS195 : Pee 


= 


Shift Right 74LS295 
a 2 ae a6 | 6 | 7 | se 
Serial-in / Parallel-out Cn ee pie | 0 | a8 5-49 
Parallel-in / Parallel-out pao fo | os 5-57 
Parallel-in / Parallel-out pao fo | as 5-60 
Parallel-in / Parallel-out ps0 fo | os 5-121 
Multiport Registers pf 125 5-53 
Multiport Registers ee P| 30 | 180 5-124 
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LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


FAIRCHILD ¢ 9LSOO (54LS/74LSO00) 


QUAD 2-INPUT NAND GATE 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


PART NUMBERS TEMPERAT 
9LSOOXC /74LSOOXC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
YMBOL PARAMETER 


VIH Input HIGH Voltage 


input LOW Voltage 


TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 


Cc 
< 
| 
op) 


< 
= 
ti 
Os 
© 


Guaranteed Input LOW Voltage 


Input Clamp Diode Voltage 


25 | 3.4 
Output HIGH Voltage | 2.6 | 34 | Vec = MIN, Ioy = —400 WA, Ving = Vi 
XM,XC 0.25 0.4 V Vec = MIN, | = 4.0 mA, Ving = 2.0 V 
VOL Output LOW Voltage | XM.XC POs CC OL ue IN 


< < 
oO i?) 
xr oO 

; | 
(©) 

N 

Ni 

Ww 

iN 


| 
O 


Vec = MIN, lot = 8.0 mA, VIN =2.0V 


uA Voc = MAX, Viy = 2.7 V 
mA Voc = MAX, Vin = 10 V 


mA Vec = MAX, VIN =O0.4V 


hy Input HIGH Current 


Ne Input LOW Current ae 


Output Short Circuit 


Current (Note 3) m Vec = MAX, Voyt = 9 V 


ICCH Supply Current HIGH mA Vec = MAX, Vin = OV 


Ss 
” 


lec. Supply Current LOW mA Vcc = MAX, Inputs Open 


SYMBOL PARAMETER 


Turn Off Delay, Input to Output 


Turn On Delay, Input to Output 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD ¢ 9LSO2 (54LS/74LS02) 


QUAD 2-INPUT NOR GATE 


Vec 


GND 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


TEMPERAT 
9LSO2XC /74LS02XC ATE 5.25 V 0°C to 75°C 


X = package type; F for Fiatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
| LIMITS | 


fa 


SYMBOL ~ PARAMETER ~__. UNITS TEST CONDITIONS (Note 1) 


Vin | Input HIGH Voltage. 


OS 
NO N 
o1 © 


Guaranteed Input HIGH Voltage 


~ 


Vit Input LOW Voltage Guaranteed Input LOW Voltage 


< 
2) 
Oo 


Input Clamp Diode Voltage Vec = MIN, Iiy = —-18 mA 


< 
= 


VOH Output HIGH Voltage Vec = MIN, lOH = —400 BA, VIN = VIL 


oO 


XM,XC Voc = MIN, Ig, = 4.0 mA, Vin = 2.0 V 
Voc = MAX, Viy = 2.7 V 
Vec = MAX, VIN =10V 


Voc = MAX, Vin =0.4V — 


Output LOW Voltage 


S | {eo a, 
oy; BIL Uv 
= 
° > 
NO bs 


zl 
O 
(‘@) 
NO 
~J 


= 
> 


Input HIGH Current 


Ne Input LOW Current 


3 


3 
> 


; Output Short Circuit | 
OS Current (Note 3) 


=| 
> 


Vcc _ MAX, Vout =OV 


ICCcH Supply Current HIGH Vec = MAX, VIN =OV 


lee Supply Current LOW 


3 
> 


nN 

p 
io) 
> 


Vec = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


os ce 


2 ee ee ar 
2 ee ae 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. - 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


SYMBOL. PARAMETER | ul TEST CONDITIONS 


W | Ww 
oO; oO 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 
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FAIRCHILD e 9LSO3 (54LS/74LS03) 


QUAD 2-INPUT NAND GATE 


Vec 


*OPEN COLLECTOR OUTPUTS 
GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
PART NUMBERS 2 TEMPERATURE 


TYP MAX 


9LSO3XC /74LS03XC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


\ LIMITS i 
SYMBOL PARAMETER NIT TEST CONDITIONS (Note 1 
Vin Input HIGH Voltage a ae ae re a Guaranteed Input HIGH Voltage 
ee ee ee ee 

VIL Input LOW Voltage a ee ee V Guaranteed Input LOW Voltage 

Vop Input Clamp Diode Voltage Ff -0.65 | 1.5 | Vo | Veg = MIN, ly = -18 mA 

lon Output HIGH Current Ff | 100 | wa Vec = MIN, Voy = 5.5 V. Vin = Vip 
ee if OP de. 20% | uA | Veer = MAX, Ving = 2.7 V 

NH Input HIGH Current O71 a gee = AX rae =BEV 
ne ne eS ee ie 

lec. Supply Current LOW Ff 24 | 44 | mA Vcc = MAX, Inputs Open 


SYMBOL TEST CONDITIONS 


LIMITS UNITS 


PARAMETER 


i 

[rare oF vay rowreouw [|e |e 
[Turon Bea putt Guar 

NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 


C, = 15 pF, Ry = 2.0kQ 
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FAIRCHILD ¢ 9LS04 (54LS/74LS04) 


HEX INVERTER 


GUARANTEED OPERATING RANGES 


~ SUPPLY VOLTAGE 


TEMPERATURE 
ai 


PART NUMBERS 


9LSO4XM /54LS04XM 5.0 V ~55°C to 125°C 
9LSO4XC /74LS04XC 4.75 V 5.0 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


; M 
SYMBOL ' PARAMETER ; = ae MAX UNITS TEST CONDITIONS (Note 1) 


Vin Input HIGH Voltage 2.0 Guaranteed Input HIGH Voltage — 


XM 
V | W Vol 
IL nput LO oltage XC 
Vep input Clamp Diode Voltage 


~< 
oO 


© 
NI 
< 


Mv Guaranteed Input LOW Voltage 


[a O6e. | ate Voc = MIN, ly =—18 mA 
25 | 3.4 | 
VOL Output LOW Voltage —- —- — 
| Input HIGH Current Le 20 NGC MOR MING aay 
fi Input LOW Current Pf [0.36 | mA | Vee = MAX, Vy = 0.4 V 
Output Short Circuit 
~ = : V = 

ina Supply Current HIGH mA | Veco = MAX, Vin = OV 
lece Supply Current LOW | 38 | 68 | mA Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ty = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
NIT 


tpHL Turn On Delay, Input to Output 10 ns Cy = 15 pF 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


FAIRCHILD e 9LSO5 (54LS/74LS05) 


HEX INVERTER 


GND 


*OPEN COLLECTOR OUTPUTS 
GUARANTEED OPERATING RANGES 


PART NUMBERS Sue TEMPERATURE 
9LSO5XC /74LSO5XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
MIN TYP MAX 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Vin Input HIGH Voltage 20 | | Guaranteed Input HIGH Voltage 
XM 0.7 
Vi Input LOW Voltage eee Guaranteed Input LOW Voltage 
a ee ae eS | 
Vep Input Clamp Diode Voltage ee Re V Vec = MIN, lin = -18 mA 
low Output HIGH Current uA Voc = MIN, Voy = 5-5 V, Vin = Vi 


XM,XC 0.25 


0.35 


0.4 
0.5 


mA | Vcc = MAX, Vin = 0.4 V 


Output LOW Voltage 


Oo 
=| 0 


< 
O 
- 
i 
‘?) 


— 


N 
‘= 
> 


NH Input HIGH Current 


—0.36 
2.4 


Input LOW Current 
ICcH Supply Current HIGH Pez. 


lcci Supply Current LOW 


3 


Voc = MAX, Inputs Open 


2 
on) 


AC CHARACTERISTICS: T, = 25°C (See Page 4-50 for Waveforms) 


PARAMETER 
IN TYP 


Turn Off Delay, Input to Output 


SYMBOL TEST CONDITIONS 


Turn On Delay, Input to Output Cy = 15 pF, Ry = 2.0 kD 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
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FAIRCHILD ¢ 9LSO8 (54LS/74LS08) 


QUAD 2-INPUT AND GATE 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
TYP MAX 


9LSO8XC /74LSO8XC 4.75 V 5.25v | O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS TEMPERATURE 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Vin Input HIGH Voltage 2.0 


XM 
Vit Input LOW Voltage XC 


Vep Input Clamp Diode Voltage ieee 
2.5 3.4 
, Beer aie ee | 


Guaranteed Input HIGH Voltage 


oi | cOjN 
< 


Guaranteed Input LOW Voltage 


Vcc = MIN, TN =-18 mA 


Vcc a MIN, loOH = —400 WA, Vin = Vin 


Vcc = MIN, loL = 4.0 mA, VIN = Vit 
Vcc on MIN, loL = 8.0 mA, VIN = ViL 


Vcc = MAX, VIN =10V 


—0.36 mA Vcc a MAX, VIN =0.4V 


XM 

XC 
XM,X 

Output LOW Voltage 


N 
io 
= 

> 


Input HIGH Current 


fo) 
3 
> 


Input LOW Current 


, Output Short Circuit 
OS Current (Note 3) 
ICCH Supply Current HIGH 


lect Supply Current LOW 


Vcc cod MAX, VOUT =OV 


Vcc = MAX, Inputs Open 
Vcc = MAX, VIN =OV 


a 

on 
sae FE hs 
Al A 

a 

Oo « 

} 

3 

> 


2 


3 
a3 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
YM PARAM UNITS TEST CONDITIONS 
'PLH Turn Off Delay, Input to Output pf 80 13 ns Vec = 5.0V- 
tpHL Turn On Delay, Input to Output ae oe 11 ns Cy = 15 pF 
NOTES: . | 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 3 


2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at.a time. 


FAIRCHILD ® 9LSO9 (54LS/74LS09) 


QUAD 2-INPUT AND GATE (WITH OPEN-COLLECTOR OUTPUT) 


Vec 


*Open Collector Outputs 


GUARANTEED OPERATING RANGES 


PART NUMBERS sUeet VOnaC. TEMPERATURE 
9LSO09XC /74LSO9XC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


R ST CONDITIONS (Note 1 
SYMBOL PARAMETE [min] TYP | MAX | UNITS TEST CO ONS (Note 1) 


Vin Input HIGH Voltage Guaranteed Input HIGH Voltage 


Vit Input LOW Voltage 


= 
4 
” 


Guaranteed Input LOW Voltage 


a 
—_ 
ae iaaires 
roe 
pA 
a 


x) xX 
i 


input Clamp Diode Voltage 


< 
O 
Oo 


IOH Output HIGH Current 


Veer = MIN, | = 4.0 mA, Vin = V 
V Output LOW Voltage CC a ‘'OL = * VIN = IL 
OL Vcc = MIN, lot = 8.0 mA, VIN — VIL 


a Yoo = MAS Mins 27 
Ff OT fm Vec = MAX, Vin = 10 V 

| {0.36 | mA | Veo = MAX, Viy = 0.4 V 
| 24 | 48 | m Vec = MAX, Inputs Open 
mA | Voc = MAX, Vin =OV 


Input HIGH Current 


= 


x< 

= 

x 

'?) 
EE 
EN) 
oo 


We Input LOW Current 


ICCH Supply Current HIGH 


lect Supply Current LOW 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 


SYMBOL PARAMETER TEST CONDITIONS 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 


Cy = 15 pF, Rp = 2.0 kQ 


4-9 


FAIRCHILD ¢ 9LS10 (54LS/74LS10) 


TRIPLE 3-INPUT NAND GATE 


Vec 


GND 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


TEMPERAT 
aie PS  UMN sa 
9LS10XC /74LS10XC | 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


YMB PARAMETER 
VIH Input. HIGH Voltage ; 
XM | 
Vit Input LOW Voltage 
a ee 
Vep Input Clamp Diode Voltage a 


UNITS TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 


Guaranteed Input LOW Voltage 


Oo 
NI 


Ee 
o 


i) 

oO 
+ 
< 
vU 
= 
> 
x 


Vec = MIN, NIN =-18 MA 


XM 
XC 2.7 


XM,XC 
XC 


Ds 
o 


Output HIGH Voltage Vec = MIN, lon = —400 WA, VIN = Vit 


Vcc = MIN, lot = 4.0 mA, VIN =2.0V 


0.5 Vec = MIN, Igy = 8.0 mA, Vin = 2.0 V 
| HA 
cel 


Output LOW Voitage 


© 
N 
o 


N 
oO 


Vec _ MAX, VIN =0.4V 


mA Vec = MAX, Inputs Open 


hy Input HIGH Current 
Ne Input LOW Current — 


Output Short Circuit 45 
OS Current (Note 3) 

ICCH Supply Current HIGH 

lcci Supply Current LOW 


ro) 
ror) 
=| 

> 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 


Turn On Delay, Input to Output 


SYMBOL 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD ¢ 9LS11 (54LS/74LS11) 


TRIPLE 3-INPUT AND GATE 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


PART NUMBERS 
ee ee MAX nic 

9LS11XM /54LS11XM 45 V 55 V 55°C to 125°C 

9LS11XC/74LS11XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Vin Input HIGH Voltage Guaranteed Input HIGH Voltage 


oO 


Vit Input LOW Voltage Guaranteed Input LOW Voltage 


rf 
OTs 


Vep Input Clamp Diode Voltage 
XM 2.5 3.4 
V i | xm | 
OH Output HIGH Vo tage 
XM,XC 0.25 0.4 Ver = MIN, Io) = 4.0 mA, Ving = V 
V t LOW Vol CC "OL 1 “IN IL 


LA Vec = MAX, VIN =27V 
| Input HIGH t 
IH aoe ee mA | Voc = MAX, Vix = 10 V 


Ne Input LOW Current mA Veco = MAX, Vin = 0.4 V 


tput Short Circuit 
Outpu ort Circul mA Vec = MAX, Voyt = 0 V 


Current (Note 3) 
ICCH Supply Current HIGH 3.6 mA Vec = MAX, Inputs Open 


Le co 
= 
ae: V Voc = MIN, ty = —18 mA 
34 — V Voc = MIN, lOH = —400 LA, VIN = Ving 
ead a ae 
eee ae ee ee 
aaa | 20 | uA 
EE 
=f f= f= 


oy 
a 


ICCL Supply Current LOW 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
Y ARA R 
SYMBOL P. METE MIN TYP MAX UNITS TEST CONDITIONS 
ns 


_ 
ie) 


touip Turn On Delay, Input to Output 3.0 | ons | CL = 15 F 

NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 
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FAIRCHILD e 9L$14 (544S /74LS14) 


HEX SCHMITT TRIGGER INVERTER 


DESCRIPTION — The 9LS14 (54LS/74LS14) contains six logic inverters which accept standard TTL input signals and 
provide standard TTL output levels. They are capable of transforming slowly changing input signals into sharply defined, 
jitter-free output signals. Additionally, they have greater noise margin than conventional inverters. | 


Each circuit contains a Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a TTL totem pole 
output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and provide different input 
threshold voltages for positive and negative-going transitions. This hysteresis between the positive-going and negative-going 
input thresholds (typically 800 mV) is determined internally by resistor ratios and is essentially insensitive to temperature 
and supply voltage variations. 


LOGIC AND CONNECTION DIAGRAM Vin VERSUS Vout 
DIP (TOP VIEW) . TRANSFER FUNCTION 


1.6 
Vin — INPUT VOLTAGE — VOLTS 


Fig. 1 


THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS 
VERSUS VERSUS 
POWER SUPPLY VOLTAGE . TEMPERATURE 


V7 — THRESHOLD VOLTAGE — VOLTS 


AVrT — HYSTERESIS — VOLTS 
V7 — THRESHOLD VOLTAGE — VOLTS 


AVT — HYSTERESIS — VOLTS 


Vcc — POWER SUPPLY VOLTAGE — VOLTS TA —~ AMBIENT TEMPERATURE —-°C 


Fig. 2 Fig. 3 


FAIRCHILD ¢ 9LS14 (54LS /74LS14) 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


TEMPERATURE 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


P. 
SYMBOL ARAMETER TYP MAX 


UNITS TEST CONDITIONS (Note 1) 


V+ Positive-Going Threshold Voltage Veco = 5.0 V 
VT- Negative-Going Threshold Voltage Vcc = 5.0 V 
Vr+—-Vy— | Hysteresis 0.4 Vcc = 5.0 V 


Vep Input Clamp Diode Voltage Vec = MIN, liq = -18 MA 


x< 


oO 


M 2.5 


2.7 


3.4 
3.4 


0.25 
0.35 


VOH Output HIGH Voltage Vec = MIN, loy = —400 WA, Ving = Vip 


XM,XC Vcc =, MIN, lot = 4.0 mA, VIN =2.0V 


V Output LOW Voltage 
OL ' : Voc = MIN, Io, = 8.0 mA, Viy = 2.0 V 


0.5 


a 
on 


x 
?) 


Input Current at 
T+ Positive-Going Threshold 


> 


Vcc = 5.0 V, VIN = VT+ 


| 
oO 
= oO; 9° 
4 co; © 


I Input Current at 
lin Negative-Going Threshold 


| 


Vec = 5.0 V, VIN = Vr- 


NO 
je) 


.~ 


Input HIGH Current 


We Input LOW Current 


3 


Output Short Circuit 
OS Current (Note 3) 


> 


Supply Current HIGH 
Supply Current LOW 


3 


Vcc = MAX, VIN =OV 
Vcc = MAX, VIN =45V 


= 


3 


=| S 3 


= 

NO 
O 
BAN 


Qa |9O 
Q 10 
ae 
i) 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER TEST CONDITIONS 


LIMITS 
NITS 
ee oe 
aes ee ee 
a ee ee 


Propagation Delay, Input to Output 
Propagation Delay, Input to Output 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


3.0 V 
1.6V 


. | on 


Vout 1.3V 1.3V 


FAIRCHILD ¢ 9LS15 (54LS/74LS15) 


TRIPLE 3-INPUT AND GATE © 


*OPEN COLLECTOR OUTPUTS | 
GUARANTEED OPERATING RANGES | | 


SUPPLY VOLTAGE : 
asiscantnaee : 
—_— 


—55°C to 125°C 


9LS15XC/74LS15XC 475V 5.25V | 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


9LS15XM/54LS15XM 


- 
on 
< 
oO 
© 
< 
ol 
ol 
< 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER TEST CONDITIONS (Note 1) 


MIN TYP MAX 


air ie ae Guaranteed Input HIGH Voltage 
, 


CC 
= 
aa 
” 
= 
z 
ar 
” 


x<| x 
Ors 
bs 
o) 
2) 
—N 


Vin Input HIGH Voltage 


Vit Input LOW Voltage Guaranteed Input LOW Voltage 


Input Clamp Diode Voltage Vec = MIN, Inq = -18 mA 


IOH Output HIGH Current Vcc = MIN, VOH =5.5V, VIN = Vin 


< 
oO 
Oo 


XM,XC Vcc _ MIN, lot = 4.0 mA, VIN = VIL 


Output LOW Voltage 


< 
Oo 
- 
* 
2) 


1.0 20 A | Vee = MAX, Vin = 2.7V ; 

7 er ee P| 0 | 20 | A | Vee N 
a mA Vec = MAX, Vin = 10 V 

ft Input LOW Current | ff 0.86 | mA | Voc = MAX, Vin = 0.4 V 


Supply Current HIGH Vcc = MAX, Inputs Open 


lect Supply Current LOW Vcc = MAX, Vin = OV 


Q 
O 
Ba 
oi ee 
w | 0 
wo 
on) 
So 
>| > 


TEST CONDITIONS 


Cy = 15 pF, Ry =2.0kQ 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 7% 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 


FAIRCHILD ¢ 9LS20 (54LS/74LS20) 


DUAL 4-INPUT NAND GATE 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 
9LS20XC /74LS$20XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1 
aaa OS nae 
VIH Input HIGH Voltage Ce Guaranteed Input HIGH Voltage 
0.7 
Vib — —a Guaranteed Input LOW Voltage 
Vep _ =1.5 V Voc = MIN, ly =—18 mA 
V econo ere Soc MI Oe evn ON 
| Input HIGH Current ae see oe Vcc mi MAX, VIN =2.7V 
Output Short Circuit 5 = 
lech Supply Current HIGH | | 04 | 08 | mA | Veg = MAX, Viy = OV 


= 
NO 
N 
NO 


lcci Supply Current LOW 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 


PARAMETER 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


mA Vcc = MAX, Inputs Open 


SYMBOL 
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FAIRCHILD @ 9LS21 (54LS/74LS21) 


DUAL 4-INPUT AND GATE 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
PART NUMBERS p 
9LS21XC/74LS21XC 4.75V 5.25V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
SYMBOL PARAMETER PIN | TYP MAX UNITS TEST CONDITIONS (Note 1) 
Vin Input HIGH Voltage 7 a ca Guaranteed Input HIGH Voltage 


Input LOW Voltage Guaranteed Input LOW Voltage 


=< 
= 
Os 


< 
2) 
oO 


Input Clamp Diode Voltage Vec = MIN, liq = —18 MA 


XM 25 | 34 | 
tput HIGH Volt | XM Var = MIN, lay = —400 WA, Vin = V 
V Output LOW Voltage XM_XC | | os | 04 | Voc = MIN, Io_ = 4.0 mA, Vin = Vit 


pee 
| 1.0 | 20 
Pat 


| Input HIGH Current aes Vcc = MAX, VIN =2.7V 
Output Short Circuit _ = 
ICcH Supply Current HIGH | | 2 | 2a | oma | Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: T, = 25°C (See Page 4-50 for Waveforms) 
SYMBOL PARAMETER 


Turn Off Delay, Input to Output 
Turn On Delay, Input to Output 


NOTES: 

1. For conditions shown as MIN or. MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD © 9LS22 (54LS/74LS22) 


DUAL 4-INPUT NAND GATE 


Vec 


*OPEN COLLECTOR OUTPUTS 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


PART NUMBERS TEMPERAT 
91$22XM /54LS22XM 45 V 5.0V -55°C to 125°C 


9LS22XC /74LS22XC 4.75 V 5.0 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
PARAMETER NIT TEST CONDITIONS (Note 1 
SYMBOL MIN TYP MAX UNITS O ONS (Note 1) 


Vin Input HIGH Voltage et i a oe Guaranteed Input HIGH Voltage 
XM 0.7 
VIL Input LOW Voltage — ae men (ez V Guaranteed Input LOW Voltage 
a ioe et 
Vep Input Clamp Diode Voltage Voc = MIN, ly =—18 mA 
iat Output HIGH Current Lt | 100 | vA | Veg = MIN, Voy = 5.5 V, Vin = Vi 
‘a cc eS IN 9 
icc | Supply Gurrent HIGH [04 [08 | ma | vec =MAX Vy =0V 
lec. Supply Current LOW 1.2 Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
TYP MAX 


tpLH Turn Off Delay, Input to Output po BN ns Vec = 5.0 V 


(BAG Turn On Delay, Input to Output 18 ns C) = 15 pF, Ry = 2.0kQ 
NOTES: | 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 


SYMBOL PARAMETER UNITS TEST CONDITIONS 
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FAIRCHILD ¢ 9LS27 (54LS/74LS27) 


TRIPLE 3-INPUT NOR GATE 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
TEMPERATURE 
9LS27XM /54LS27XM 5.0V ; C to 125°C 
9LS27XC /74LS27XC 4.75 V 5.0 V 52 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging In 


packages available on this product. 


rma on for 


he 


DC CHARACTERISTICS OVER OPERATING TE 


FE TURE RANGE (unless otherwise specified) 


UNITS TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 
Guaranteed input LOW Voltage 
Voc = MIN, ly = -18 MA 


Vec _ MIN, lon = —400 LA, VIN = VIL 


Vec = MIN, Io, = 4.0 mA, Viy = 2.0 V 
| ma | 


Cc 
XM,XC 
as ee 


a 
[oe 
mre 
ar 
aan 
as 

Oe car 


ul Vee = MAX, Viq = 2.7 V 
Pee 


A Voc = MAX, Vin = 10 V 


in Input LOW Current | | 0.36 | mA | Veg = MAX, Vin = 0.4V 


, Output Short Circuit 
OS Current (Note 3) 

ICcH Supply Current HIGH 
lec. Supply Current LOW 


Vcc = MAX, VIN =OV 
A Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


MIT 


Turn On Delay, Input to Output 


Turn Off Delay, Input to Output ee ee 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
' device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD ® 9LS30 (54LS/74LS30) 


8-INPUT NAND GATE 


SUPPLY VOLTAGE 


TEMPERATURE 


—55°C to 125°C 


O°C to 75°C 


9LS30XM /54LS30XM 
9LS30XC / 74LS30XC 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 

SYMBOL PARAMETER i Ma Bs UNITS TEST CONDITIONS (Note 1) 
Vin Input HIGH Voltage See cae Guaranteed Input HIGH Voltage 
VIL Input LOW Voltage ef Guaranteed Input LOW Voltage 
Vep Input Clamp Diode Voltage a Voc = MIN, ly =—18 mA | 
VOH Output HIGH Voltage eee Vec = MIN, Igy = ~400 WA, Vin = Vip 
VOL Output LOW Voltage Voc = =I Oe 
ly Input HIGH Current Voc = MAX Viy=27V 

Vec = MAX, Vin = =10V 
Ne Input LOW Current Vec = MAX, Ving = 0.4 V 


Output Short Circuit _ _ 
Vcc = MAX, Voyt = 0 V 


los Current (Note 3) 
ICCH Supply Current HIGH 0.35 mA Vec = - MAX, Vin =OV ae 
Yorol Supply Current LOW | 0.6 | mA Vcc = MAX, inputs Open 


TEST CONDITIONS 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


FAIRCHILD e 9LS32 (54LS/74LS32) 


QUAD 2-INPUT OR GATE 


GND 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


TEMPERATURE 
9LS32XC /74LS32XC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS 


is 
on 
< 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER us UNITS TEST CONDITIONS (Note 1) 


MAX 


Vin Input HIGH Voltage Guaranteed Input HIGH Voltage 


(o) 


VIL Input LOW Voltage Guaranteed Input LOW Voltage 


x | X< 
be 


: oO 
N 


—0.65 = 1.5 


3.4 
3.4 


0.25 
0.35 


< 
2) 
Oo 


Input Clamp Diode Voitage Vcc = MIN, yy = —18 mA 


x< 


M 
C 


XM,XC 


2.5 


V Output HIGH Voltage 
OH a eae 27 


Vcc = MIN, lot =40 mA, VIN = VIL 


mA Vcc — MAX, VIN =10V 


Output LOW Voltage 
? ss 05 


< 
oO 
- 
i?) 


N 
i 
> 


NH Input HIGH Current 


Ne Input LOW Current 


Output Short Circuit 


Current (Note 3) Vec = MAX, Voyt = 9 V 


ICCH Supply Current HIGH 6.2 


=. 


Vcc = MAX, Inputs Open 
Vcc or MAX, VIN =OV 


ro} 

Y 

EP 

oOo 
lel | | [elalalatelél | | a 
wo | a 7 
ae] 3 [eaB If < |<< i] 


3 


lec. | Supply Current LOW 


3 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 
SYMBOL PARAMETER 


Turn Off Delay, Input to Output 


Turn On Delay, Input to Output 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD e 9LS37 (54LS/74LS37) 


QUAD 2-INPUT NAND BUFFER 


GUARANTEED OPERATING RANGES 


PART NUMBERS 


9LS37XC /74LS37XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER ee UNITS TEST CONDITIONS (Note 1) 
Vin Input HIGH Voltage 


Guaranteed Input HIGH Voltage 


E 
Ba 
= 
> 
x 


input LOW Voltage Guaranteed Input LOW Voltage 


< 
- 
We 
OS 


< 
QO 
Oo 


Input Clamp Diode Voltage Vcc = MIN, liq = ~1 8 mA 


Esta 
Output HIGH Voltage 22 a ee 
Output LOW Voltage | 04 | 


Vcc ad MIN, lOH celia PO"! mA, VIN _ VIL 


Voc = MIN, Io, = 12 mA, Viy = 2.0 V 
uA 


“ Voc = MAX, Viy = 2.7 V 


roy < 
2 3 


KH Input HIGH Current 


ied 

eae 

ba 

a | OT | m Vec = MAX, Vin, = 10 V 
Ne Input LOW Current ae 

Eas 

Lee 


ae 
| | 036 | mA | Voc = MAX, Viy = 0.4 V 


Output Short Circuit 
Current (Note 3) 


mA Vec = MAX, Inputs Open 


ICCH Supply Current HIGH 
ICce Supply Current LOW 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
PARAMETER UNITS 
ce aa 


SYMBOL TEST CONDITIONS 


Vcc =5.0V 


Turn On Delay, Input to Output C, = 45 pF, Ry = 6670 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD ¢ 9LS38 (54LS/74LS38) 


QUAD 2-INPUT NAND BUFFER 


*OPEN COLLECTOR OUTPUTS 


GUARANTEED OPERATING RANGES _ 


SUPPLY VOLTAGE 


PART NUMBERS rT TEMPERATURE 
9LS38XM /54LS38XM 45 V ~55°C to 125°C 
9LS38XC /74LS38XC 4.75 V 5.0V 5.25 V O°C to 75°C. 


manne rurananpeesscuanoeeessarstnerereirreneamnarearaeUraesrnaaraastr 


X = package type; F for Flatpak, D far Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER min | UNITS TEST CONDITIONS (Note 1) 
TYP MAX 
VIH Input HIGH Voltage 2.0 ——- | V Guaranteed Input HIGH Voltage | 
0.7 
VIL Input LOW Voltage ee ——= V Guaranteed Input LOW Voltage 
0.8 
Vep Input Clamp Diode Volta Voltage poe V Voc = MIN, Iiy = -18 mA 
ii Output HIGH Current pps 250 | uA | Vec=MIN, VoH=5.5V, VIN=ViL 
| } 0.25 Vec = MIN, Io, = 12 mA, Viy = 2.0V 
V Output LOW Volt _—— 3025.) aie ie OE OL IN 
OL ici al 0.35 05 V Voc = MIN, Io, = 24 mA, Vin = 20 V 
coke wie 7 CC OL IN ~ 
1.0 20 A Ver = MAX, Vin = 2.7 V 
Ny Input HIGH Current a = we we WAX Vi == 7,1) 
Cel : Ce ' a 
ite Input LOW Current ctl -0.36 | mA | Vec=MAX, Vy =0.4V 
ICCcH Supply Current HIGH i OScik 20r | mA Veco = MAX, Ving = ) V 
lec Supply Current LOW 6.0 12 mA Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


——— | LIMITS . 
14 22 
tPHL Turn On Delay, Input to Output 10 io 
NOTES: 


UNITS TEST CONDITIONS 


ns Vcc =5OV 


ns ot = 45 pF, Ry = 667 9 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
2. Typical limits are at Vac = 5.0 V, Ta = 25°C. 
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oP NS TN 


FAIRCHILD ¢ 9LS40 (54LS/74LS40) 


DUAL 4-INPUT NAND BUFFER 


Vec 


GUARANTEED OPERATING RANGES 


PART NUMBERS SEP Vora. TEMPERATURE 


9LS40XC /74LS40XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
1 
SYMBOL PARAMETER TYP MAX UNITS TEST CONDITIONS (Note 1) 
Vin Input HIGH Voltage 0) Guaranteed Input HIGH Voltage 


Guaranteed Input LOW Voltage 


o 
N 


Vib Input LOW Voltage 


ke 
OS 


-1.5 Voc = MIN, ly = —18 mA 


Input Clamp Diode Voltage 


< 
i?) 
O 
w 
RO 
oO : 


3.4 
3.4 


0.25 
0.35 


2.5 
2.7 


x< 


M 
C 


XM,XC 


Output HIGH Voltage Vec = MIN, lon = —-1.2 mA, VIN = VIL 


Vec a MIN, IOL = 24 mA, VIN =20V 


Vec = MAX, VIN =10V 


mA Vcc = MAX, VIN =0.4V 


V Output LOW Voltage 
OL utpu oltag 55 


x< 
oO 


< 
O 
< 


N 
.~ 
> 


NH Input HIGH Current 


Ne Input LOW Current —0.36 


Output Short Circuit 
Current (Note 3) 


= 


Vcc = MAX, VouT =OV 


0.45 1.0 


3 


Vcc = MAX, VIN =OV 


| 
op) 
ol 


Ww 
© 

8 
> 


ICCH Supply Current HIGH 
Vcc = MAX, Inputs Open 


oO 
n 


lece Supply Current LOW 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


LIMITS 
UNITS 
ae 
es ee ee ee 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


SYMBOL PARAMETER TEST CONDITIONS 


Vcc =5.0V 
Cy, = 45 pF, R, = 6679 


Turn Off Delay, Input to Output 


Turn On Delay, Input to Output 
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FAIRCHILD e 9LS51 (54LS/74LS51) 


DUAL 2-WIDE 2-INPUT/3-INPUT AND-OR-INVERT GATE 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


MBER | , 
ia Pn Pee 
9LS51XC /74LS51XC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


— 
SYMBOL PARAMETER MA UNITS TEST CONDITIONS (Note 1) 


VIH input HIGH Voltage oa Guaranteed Input HIGH Voltage 
Ps 0 
VIL . Input LOW Voltage == 


Vep Input Clamp Diode Voltage 
Output HIGH Voltage 


WH Input HIGH Current inn = 


Ne Input LOW Current ae 
Output Short Circuit i 4 


Guaranteed Input LOW Voltage 
Vcc = MIN, NN =-18mMmA 
Vcc = MIN, lOH = —400 BA, VIN = Vib 


Vcc = MAX, VIN =0.4V 


> 


m 


= 


o 
(e) 
aS 

>| > > > 


los Current (Note 3) Voc = MAX, Voyt = 9 V 


ICcH Supply Current HIGH 


lec. Supply Current LOW 


3 


| 


Vcc = MAX, Inputs Open 


wh 
SN 
N 
© 


LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the ape een 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


FAIRCHILD e 9LS54 (54LS/74LS54) 


3-2-2-3-INPUT AND-OR-INVERT GATE 


Vec 


GUARANTEED OPERATING RANGES 


PART NUMBERS TEMPERATURE 
oH) iis 
th i 
9LS54XM /54LS54XM | ‘wh. to 125°C 
Hi i “ 
9LS54XC /74LS54XC 0°C to 75°C 


yeitty,. HE Bi 
eae eee y a : : 
X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Informatié n' See jon for packages available on this product. 
He 


DC CHARACTERISTICS OVER OPERATING TE, "RANGE (unless otherwise specified 


SYMBOL PARAMETER ite NITS TEST CONDITIONS (Note 1 
ViH Input HIGH Voltage —— ao Guaranteed Input HIGH Voltage 
) 0.7 
VIL eo Guaranteed Input LOW Voltage 
VOH — ie Vcc = MIN, lon = —400 LA, VIN rd Vib 
VoL NCC Oke SIN 
P0385 [OS] V | Voc = MIN, oy = BOA, Vy = ZOV 


WH Input HIGH Current Vec = MAX, Ving = 2-7 V 
Vcc = MAX, VIN =10V 


Ne Input LOW Current i: te Ose | mA. Vcc = MAX, Ving = 0.4 V 
' Output Short Circuit 
OS Current (Note 3) 


N 
e 
t 


= eee =| 2 


Vcc = MAX, VouT =OV 


IccH Supply Current HIGH Voc = MAX, Viy = OV 


Vcc = MAX, Inputs Open 


ICCL 


LIMITS 


a 
[Tum one pure ounn +t 10] 8 
[Tun On Deby ptte Ovo | +t 8 

NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


SYMBOL 


PARAMETER 
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FAIRCHILD e 9LS55 (54LS/74LS55) 


2-WIDE 4-INPUT AND-OR-INVERT GATE 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


MPERATURE 
9LS55XC /74LS55XC 4.75 V 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging wma on for packages available on this product. 


BBC to 125°C 
O°C to 75°C 


DC CHARACTERISTICS OVER OPERATING. 
SYMBOL PARAMETER _ , - UNITS | TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 


Guaranteed Input LOW Voltage 


put@lamp Diode Voltage Voc = MIN, ly = —18 mA 


[20 
— 
Ene = 


Vcc _ MIN, lon = —400 HA, VIN ad VIL 


1.0 20 A Veer = MAX, Ving = 2.7 V 
i" Input HIGH Current | 10 | 20 | A | Ver N 


Ne Input LOW Current 


mA | Veo = MAX, Vin =0.4V 
Output Short Circuit 
OS . Current (Note 3) 


mA Vec Faas MAX, VIN =OV 


0.7 mA | Vcc = MAX, Inputs Open 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER adil UNITS TEST CONDITIONS 


a 


ICCH Supply Current HIGH 


lcci Supply Current LOW 


tpHL Turn On Delay, Input to Output | ons C, = 15 pF 

NOTES: 7 | 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 
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FAIRCHILD e 9LS73 (54LS /74LS73) 


DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The 9LS73 (54LS/74LS73) offers individual J, K, clear, and clock inputs. These dual flip-flops are 
designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of the J and K 
inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the truth table as 
long as minimum set-up times are observed. Input data is transferred to the outputs on the negative-going edge of the 
clock pulse. 


LOGIC SYMBOL LOGIC DIAGRAM 
(Each Flip-Flop) 


Vcc = Pin4 K © 
GND = Pin 11 3 (10) 


GUARANTEED OPERATING RANGES 


PART NUMBERS TEMPERATURE 


als 


9LS73XM /54LS73XM 55°C to +125°C 
9LS73XC /74LS73XC 5.25 V 0°C to +75°C 


X = package type; F for Flatpak P for Plastic Dip. See Packaging Information Section for packages available on this product. 


OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
LIMITS 


SYMBOL 


Vin Input HIGH Voltage 2.0 
XM 


Vib Input LOW Voltage XM 


VoH Output HIGH Voltage 
27 Vin = Viy OF Vi, per Truth Table 


XM,XC - 0.25 lo. = 4.0 mA [Vcc = MIN, Vin = V 
VoL Output LOW Voltage | XM.XC_| | 04 | OL ie cc IN ~ VIH OF 
—15 


UNITS TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 
for All inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Voc = MIN, yy =—18 mA 


Vec = MIN, OH = —400 UA 


o 
N 


Input HIGH Current 
J,K 
Clear 
Clock 


Vec = MAX, VIN =2.7V 


3 
> 


Voc = MAX, Viy = 5.5 V 


m Vcc a MAX, VIN =0.4V 


ee 


Output Short Circuit 
OS Current (Note 3) 


mA Vcc = MAX, Voyt = 0 V 


NO Oo ' ODN 
okene) 

z 

> 


wee = Gr 
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FAIRCHILD @ 9LS73 (54LS / 74LS73) 


MODE SELECT — TRUTH TABLE 


OPERATING MODE 


Reset (Clear) 


Toggle 

Load ‘’0’’ (Reset) 
Load ‘1’ (Set) 
Hold 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don’t Care 

|,h (q) = Lower case letters indicate the state of the referenced 


input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-51 for Waveforms) 


SYMBOL PARAMETER 


SYMBOL PARAMETER Mls 
TYP MAX 


tyyCP(H) | Clock Pulse Width (HIGH) | 
tyyCP(L) Clock Pulse Width (LOW) 


tw 


ty(H) Hold Time HIGH, J or K to Clock 
t,(L) Set-up Time LOW, J or K TO Clock 
th(L) Hold Time LOW, J or K to Clock 


| MIN 
a 
a 
6 
a 
Be a 
a 


UNITS TEST CONDITIONS 


- _ 


Clear Pulse Width 


a 
a 
No 


NOTES: 


1, 


a as 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


Typical limits are at Voc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at a time. . 

SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 


at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and stili be recognized. 


FAIRCHILD e 9LS74 (54LS /74LS74) 


DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The 9LS74 (54LS/74LS74) dual edge-triggered flip-flop utilizes Schottky TTL circuitry to produce high 
speed D-type flip-flops. Each flip-flop has individual clear and set inputs, and also complementary OQ and O outputs. 


Information at input D is transferred to the OQ output on the positive-going edge of the clock pulse. Clock triggering occurs at 
a voltage level of the clock pulse and is not directly related to the transition time of the positive-going pulse. When the clock 
input is at either the HIGH or the LOW level, the D input signal has no effect. 


LOGIC SYMBOL LOGIC DIAGRAM 
(EACH FLIP-FLOP) 


SET (Sp) 
4(10) 


5(9) 
CLEAR (CD) 
1(13) 


CLOCK 
Vcc = Pin 14 3(11) 


2(12) 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


TEMPERATURE 
9LS74XC /74LS74XC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vin Input HIGH Voltage 2.0 


Oo 


Guaranteed Input LOW Voltage 


V 
IL for All Inputs 


Input LOW Voltage 
XC 


ee 
i 
zs 

eS 


par 


x 
Gt 


x 
on 
< 


Vcc = MIN, lin =-18mMmA 


Voc = MIN, Ioyy = 400 vA 
VIN = VIH or VIL per Truth Table 


V lol = 4.0 mA] Vcc = MIN, Vin = Vi or 
V lo, = 8.0 mA} Vi, per Truth Table 


LA Vec = MAX, VIN =2.7V 


Input HIGH Current 
Data 
Clock, Set 
Clear 


Data 
Clock, Set 
Clear 


S| 
> 


Vcc mone MAX, VIN =5.5V 


Input LOW Current 
Data 


Ne Clock, Set 
Clear 


Output Short Circuit 
OS Current (Note 3) 


lec Power Supply Current 


3 


Voc = MAX, Vin = 0.4 V 


Vcc = MAX, Vout =OV 


oe) 


3 
> 


B 
> 


Vcc = MAX, Vcp =OV 
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ice) 


FAIRCHILD ¢ 9LS74 (54LS / 74LS74) 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
ee ae 
aves 


Set 

Reset (Clear) 
*Undetermined 
Load ‘*1"’ (Set) 
Load ‘’0” (Reset) 


*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don’t Care 

|, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the LOW to 
HIGH clock transition. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-51 for Waveforms) 
LIMITS 


SYMBOL PARAMETER ee ee UNITS TEST CONDITIONS 
ne 
fMAX Maximum Clock Frequency | 30 | 48 MHz 


tPLH Propagation Delay, Vec = 5.0 V, 
tpHL Clock to Output C; = 15 pF 


tPLH Propagation Delay, Saas eS ae 
tpHL Set orClearto Output |[CP=L_ | |B 


tPHL CP=H 


_ 
fee) 
NT — 
fio 


NO — 
eee On 
GN 
cr 


AC SET-UP REQUIREMENTS: Ta = 25°C (See Page 4-51 for Waveforms) 


LIMITS 
rn ae ee ee eee 
pai amen a isis pelea essere 


: 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
Typical limits are at Vcc = 5.0 V, Ta = 25°C. © 
Not more than one output should be shorted at a time. 


nat aati 


transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


a 


SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 


HOLD TIME (tp) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained 


at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 


the clock transition from LOW to HIGH and still be recognized. 
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FAIRCHILD e 9LS86 (54LS/74LS86) 


TEMPERATURE 


-65°C to 125°C 


‘LIMITS 


UNITS TEST CONDITIONS (Note 1 


Guaranteed Input HIGH voltage 


SYMBOL PARAMETER 


VW Input HIGH Voltage (oF Ail Inputs 
Guaranteed Input LOW Voltage 
VIL Input LOW Voltage 
for All Inputs | 
Vep Input Clamp Diode Voltage Vec = MIN, Iiy = —-18 MA 
XM Veer = MIN, | = —400 vA 
VOH Output HIGH Voltage ce On . 
XC VIN = Vin or Vit per Truth Table 
XM,XC In) = 4.0 MA] Ver = MIN, Vig = V 
VOL Output LOW Voltage oe casa ae ce IN IH 
XC lor = 8.0 mA] or Vi, per Truth Table 
Vac = MAX, Vig = 2.7 V 
We Input HIGH Current Saeed |, : 
Vcc = MAX, VIN =10V 
ip Input LOW Current Vec = MAX, VIN =O04V 


Output Short Circuit 


los Current (Note 5) Vec = MAX, Voyt = OV 


ICcH Supply Current Veco = MAX 


AC CHARACTERISTICS: T, = 25°C (See Page 4-50 for Waveforms) 


LIMITS 

SYMBOL PARAMETER MIN TYP 1) MAX 
tpLH : 12 

Propagation Delay, Other Input LOW 
"PHL V7 

Propagation Delay, Other Input HIGH 12 
{PHL | 
NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 


NT ne AORTA te Er SRT = Rt NR A NE a PE AER CHEE ET et attrteerrtnt A e NT! teahn LAO 


FAIRCHILD e 9LS109 (54LS /74LS109) 


DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The 9LS109 (54LS/74LS109) consists of two high speed completely independent transition clocked JK 
flip-flops. The clocking operation is independent of rise and fall times of the clock waveform. The JK design allows operation 


as a D flip-flop by simply connecting the J and K pins together. The 9LS109 is a pin-for-pin replacement of the 9024 
and 9L24. 


LOGIC SYMBOL LOGIC DIAGRAM 


SET(SD) 
5(11) 


Q 
6(10) 
CLEAR(Cp) 

1(15) 


CLOCK 
4(12) 


a 
7(9) 


15 


J 
2(14) 


Vcc = Pin 16 a5 


GND=Pin 8 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 


R 
Se 

9LS109XM /54LS109XM 45 V —55°C to 125°C 

9LS109XC/74LS109XC 4.75 V «BO 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


PART NUMBERS 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER | milk 


aelsels || 


MAX UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


N 
io) 


Vin Input HIGH Voltage 


Guaranteed Input LOW Voltage 


Vv Vol 
IL Input LOW Voltage for All Inputs 


x<| X< 
i 


NN 
NN] oO 


Vep Input Clamp Diode Voltage Vcc = MIN, |i = -18 mA 
Vcc = MIN, lon = —400 UA 


Vin = Vip OF Vi per Truth Table 


V lo = 4.0 mA | Vcc = MIN, Vin = Vin or 
V lo, = 8.0 mA | Vi, per Truth Table | 


M 
C 


XM,XC 


3.4 
Output HIGH Voltage 


© 


0.25 


V Output LOW Voltage 
OL : : 0.35 


x< 
i?) 


< 


OOO lman 
BH= 1000 
t 


Input HIGH Current 
J,K 


Clock, Set 
Clear 


J, K 
Clock, Set 
Clear 


Vcc = MAX, VIN =2.7V 


S 
> 


Vcc “= MAX, VIN =55V 


Input LOW Current 
J,K 
Clock, Set 


Vcc = MAX, VIN =0.4V 
Clear 


a 
> 


Output Short Circuit 
Current (Note 3) 


mA Vcc = MAX, VouT =OV 


oO 
a 


lec Power Supply Current 


3 
> 


Vcc _ MAX, Vcp =OV 


4-3 


N 


FAIRCHILD e 9LS109 (54LS /74LS109) 


MODE SELECT — TRUTH TABLE 
OPERATING MODE 


Set 

Reset (Clear) 
*Undetermined 
Load ‘’1"’ (Set) 
Hold 


Toggle 
Load ’’0’’ (Reset) 


r al 2 LT Iriel 


*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don't Care 

|, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the LOW to 
HIGH clock transition. 


AC CHARACTERISTICS: Ty, = 25°C = (See Page 4-51 for Waveforms) 


LIMITS 
PARAM R 
Propagation Delay, ig. 
Clock to Output 


Propagation Delay, 
Set or Clear to Output 


SYMBOL 


AC SET-UP REQUIREMENTS: Ta = 25°C (See Page 4-51 for Waveforms) 


LIMITS 
SYMBOL PARAMETER T 
: | pemaweren ele [iI 


tw Set or Clear Pulse Width Lie iL. ao | 
tg(H) Set-up Time HIGH, Data to Clock 
t,(H) Hold Time HIGH, Data to Clock ae ae 


ty(L) Set-up Time LOW, Data to Clock 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (t.) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from LOW to HIGH and still be recognized. 


—_ 
No 


FAIRCHILD e 9LS112 (54LS /74LS112) 
DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The 9LS112 (54LS/74LS112) dual JK flip-flop features individual J, K, clock, and asynchronous set and 
clear inputs to each flip-flop. When the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of 
the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the 
truth table as long as minimum set-up and hold time are observed. Input data is transferred to the outputs on the 
negative-going edge of the clock pulse. 


LOGIC SYMBOL | LOGIC DIAGRAM 
(EACH FLIP-FLOP) 


ace one) 
5(9) 6(7) 
CLEAR (Cp) O-——— O SET (Sp) 

15(14) 4(10) 

J O- OK 

3(11) 2(12) 
Vcc = Pin 16 

‘ O 1(13) 

GND=Pin 8 


CLOCK (CP} 


GUARANTEED OPERATING RANGES 


MIN TYP 


9LS112XM/54LS112XM 45 vO 5.0 V 
9LS112XC/74LS112XC 475V 5.0 V 


PART NUMBERS TEMPERATURE 


65°C to 125°C 
O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER eee en UNITS TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 
V | HIGH Vol 
mW a for All Inputs 
. XM Guaranteed Input LOW Voltage 
Vit Input LOW Voltage _ 
xc for All Inputs 
Vep Input Clamp Diode Voltage V Voc = MIN, ly =—18 mA 
XM Vec = MIN, loy = —400 vA 
VOH Output HIGH Voltage CC OH ‘ 
: XC VIN > Vin or VIL per Truth Table 


| | V = 4.0 mA | Vec = MIN, Vin = Viy or. 
VOL Output LOW Voltage lOL eal cc = MIN, Vin mee 
lo, = 8.0 mA | Vi; per Truth Table 
Input HIGH Current 
J, K 
Set, Clear LA Vcc = MAX, VIN = 2.0 V 
NH uae 
J,K 
Set, Clear m Vcc = MAX, VIN =55V 
. Clock 
Input LOW Current 
J,K 
Ne Set, Clear mA Vec = MAX, VIN =0.4V 
Clock . 
Output Short Circuit 
I ~ _ A Ver = MAX, V =OV 
lec Power Supply Current | Vcc = MAX, Vep = 0 V 


FAIRCHILD ¢ 9LS112 (54LS /74LS112) 


MODE SELECT — TRUTH TABLE 


OPERATING MODE 


Set 
Reset (Clear) 


*Undetermined 


Toggle 

Load ‘’0" (Reset) 
Load ‘1’ (Set) 
Hold 


*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,1 = LOW Voltage Level 

X = Don’t Care 

1, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-51 for Waveforms) 


LIMITS UNITS TEST CONDITIONS 


SYMBOL PARAMETER [Min | TYP MAX 
tpLHy Propagation Delay, 11 16 Fig. 3 Vec = 5.0 V, 
tpHL Clock to Output 16 24 C, = 15 pF 


tery Propagation Delay, 11 16 Fig. 2 
tpHL Set or Clear to Output 16 24 


AC SET-UP REQUIREMENTS: Ty, = 25°C (See Page 4-51 for Waveforms) 


LIMITS 
er ee puis a 
RAMETE TYP MAX UNITS ST CONDITIONS 


w | seorcearrutewin [as | vo | | | Fo 

ty(L) Hold Time LOW, J or K to Clock mas 2 eee ee 

NOTES: 

1. Se shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 

4. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the fogic level must be maintained 
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and stil! be recognized. 
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FAIRCHILD * 9LS113 (54LS /74LS113) 


DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The 9LS113 (54LS/74LS113) offers individual J, K, set, and clock inputs. These monolithic dual flip-flops 
are designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of the J and 
K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according to the truth table as 
long as minimum set-up times are observed. Input data is transferred to the outputs on the negative-going edge of the 
clock pulse. 


LOGIC SYMBOL . LOGIC DIAGRAM 
(EACH FLIP-FLOP) 


Vcc = Pin 14 
GND = Pin 7 


© 
CLOCK (CP) 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 


9LS113XC/74LS$113XC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


MIT 
SYMBOL PARAMETER oul UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Vin Input HIGH Voltage 2.0 
Guaranteed Input LOW Voltage 


20 
XM 
VIL Input LOW Voltage xm || V f i 
Vep Input Clamp Diode Voltage ss | = | -0.65 | ~15 Voc = MIN, ly = —18 mA 
Vv Output HIGH Voltage zi Vv Meg = Ne Ona 


| 025 | 04 | ov loL = 4.0 mA | Vcc = MIN, Vin = Vin oF 
V lo. = 8.0 mA | Vi, per Truth Table 


20. | 
80 


VoL Output LOW Voltage 


Input HIGH Current 
J, K 
Set 


hy Clock 
Output Short Circuit | 
| A Ver = MAX, V =OV 
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Oo 


FAIRCHILD ¢ 9LS113 (54LS /74LS113) 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 


K 
Set Xx X 
Toggle h 
Load “0’’ (Reset) h 
Load “1” (Set) 
Hold | 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don’t Care 

|, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-51 for Waveforms) 


LIMITS 
i T ND 
SYMBOL PARAMETER [MIN | TYP MAX UNITS EST CONDITIONS 
tpLH Propagation Delay, 16 Fig. 3 Voc = 5.0 V, 
tpHL Clock to Output 24 C, = 15 pF 
tpLH Propagation Delay, 16 Fig. 2 
tpHL Set to Output 24 


AC SET-UP REQUIREMENTS: Ta = 25°C (See Page 4-51 for Waveforms) 


SYMBOL PARAMETER ceili UNITS TEST CONDITIONS 


wert a eS Se Fa 8 
w [Se Pusewan | ts | fed 


NOTES: 


iP 


oO oe Y 


For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

Typical limits are at Voc = 5.0 V, Ta = 28°C. 

Not more than one output should be shorted at a time. 

SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 
at the inputin order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 
the clock transition from HIGH to LOW and still be recognized. 
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FAIRCHILD e 9LS114 (54LS /74LS114) 


DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP 


DESCRIPTION — The 9LS114 (54LS114/74LS114) offers common clock and common clear inputs and individual J, K, and 
set inputs. These monolithic dual flip-flops are designed so that when the clock goes HIGH, the inputs are enabled and data 
will be accepted. The logic level of the J and K inputs may be allowed to change when the clock pulse is HIGH and the 
bistable will perform according to the truth table as long as minimum set-up times are observed. Input data is transferred to 
the outputs on the negative-going edge of the clock pulse. 


LOGIC SYMBOL LOGIC DIAGRAM 
| (EACH FLIP-FLOP) 


CLEAR (Cp) O 


O SET (Sp) 


TO 4(10) 


Vcc = Pin 14 FLIP-FLOP =B; a oe 
GND =Pin 7 ee 
O 13 
CLOCK (CP) 
GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE 

PART NUMBERS 
9L$114XC/74LS114xC 4.75 V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging !nformation Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER TYP MAX 
Vin Input HIGH Voltage 2.0 


XM 
ViL Input LOW Voltage |xM | 


Vep Input Clamp Diode Voltage 


XM 

VOH Output HIGH Voltage Pxc | 

XC 2.7 
XM,_XC 

VoL Output LOW Voltage soe 
XC 


Input HIGH Current 
J,K 
Set 
Clear 

Clock 


J,K 
Set 

Clear 
Clock 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, NN =-18mA 
Vee = MIN, lOH = —400 HA 
VIN = ViH or VIL per Truth Table 


lot = 4.0 mA | Vcc = MIN, Vin = Vix or 
lo, = 8.0 mA| Vi, per Truth Table 


Vec = MAX, VIN =2.7V - 


B= 


mA Vcc = MAX, VIN a 5.5 V 


input LOW Current 
JK: 
Set 

Clear 
Clock 


Output Short Circuit 
Current (Note 3) 


lec Power Supply Current 


mA Vec = MAX, VouT =OV 


Oo 


oy 

n 
pat 
o1 


4 A Vcc = MAX, Vcp =OV 


4-3 


Le-8) 


FAIRCHILD e 9LS114 (54LS /74LS114) 


MODE SELECT — TRUTH TABLE 


OUTPUTS 
ean ee 


Set 


Reset (Clear) 


*Undetermined 
Toggle 

Load ‘‘0’’ (Reset) 
Load ‘1’ (Set) 
Hold 


*Both outputs will be HIGH while both Sp and Cp are LOW, but 
the output states are unpredictable if Sp and Cp go HIGH 
simultaneously. 


H,h = HIGH Voltage Level 

L,| = LOW Voltage Level 

X = Don't Care 

1, h (q) = Lower case letters indicate the state of the referenced 
input (or output) one set-up time prior to the HIGH to 
LOW clock transition. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-51 for Waveforms) 


NITS TEST CONDITIONS 
SYMBOL PARAMETER TYP MAX UNI O 


tp Clock to Output 24 C; = 15 pF 
tpHL Set or Clear to Output 16 24 


AC SET-UP REQUIREMENTS: Ta, = 25°C _ (See Page 4-51 for Waveforms) 


LIMITS 


NIT TEST CONDITION 
tyyCP(H) | Clock Pulse Width (HIGH) Pte ae ns Fig. 3 


tyyCP(L) | Clock Pulse Width (LOW) one ns 
tyy Set or Clear Pulse Width | 16 | 10 ns 


ty(H) Set-up Time HIGH, J or K to Clock 20 3 | | ons Veco = 5.0 V 
ty,(H) Hold Time HIGH, J or K to Clock 0 ea ae ns Fig. 3 


te(L) Set-up Time LOW, J or K to Clock | 15 | 
oe Re ee | 


ty(L) Hold Time LOW, J or K to Clock 

NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value. specified under recommended operating conditions for the applicable. 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than.one output should be shorted at a time. 

4. SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from HIGH to LOW in order to be recognized and transferred to the outputs. 

5. HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained 

at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to 

the clock transition from HIGH to LOW and still be recognized. 


SYMBOL PARAMETER 
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FAIRCHILD e 9LS125 (54LS/74LS125) e¢ 9LS126 (54LS/74LS126) 


QUAD 3-STATE BUFFERS WITH ACTIVE HIGH ENABLES 


Voc E D O E D O 


E D re) E D fe) GND 


SUPPLY VOLTAGE 


PART NUMBERS | FEMIPERATURE 
& 


9LS125XM/54LS125XM 
9LS126XM /54LS126XM 


9LS125XC /74LS125XC 
9LS$126XC /74LS126XC 4.75 V 


ies 
i 
fd} 


—55°C to 125°C 


: j 
agi 
ih ae 
2 i wie, aE 
He He BEES 
ep thiey a siti. 
Gee ae ae 
utile é oh 
J Bit. 
aamies we, i, “ae 
ier eG 
BE “ae al 
re uma ey ee 
Sm, «| ; 
Bitte e 2st Lh file 
sae a °C to 75°C 
6: : 5.25 V O°C to 
pg 

soe Ry is 

a Bae 

li 


Packaging Information Section for packages available on this product. 


MPERATURE RANGE (unless otherwise specified) 


M 
oe UNITS | TEST CONDITIONS 
y 


Guaranteed Input HIGH Voltage 


PARAMETER 


ih 

Bs, Hf 
HELE TSE 
io i 


V 
lH for All Inputs 

Vv 0.7 Guaranteed Input LOW Voltage 
IL for All Inputs 


Vep input Clamp Diode Voltage 


VOH Output HIGH Voltage 
XM,XC 
VoL Output LOW Voltage | XMXC_| 


lozH Output Off Current HIGH 
lozt Output Off Current LOW 


NH Input HIGH Current 


Ne input LOW Current 

Output Short Circuit 

OS Current (Note 3) | 
Power Supply Current, 9LS125 

| Outputs LOW 9LS126 

cc Power Supply Current, 9LS125 
Outputs Off 9.8126 

NOTES: . . 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 

device type. . | 


2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 


lou =-1.0 mA Vec = MIN, VIN _ Vin or 


Vi_ per Truth Table 


Vcc = MIN, Vin = Vin or 
Vi per Truth Table 
Voc = MAX, Voy = 2.4 V, Ve = Vip 
Voc = MAX, Vout = 0.4 V, Ve = Vp 
Voc = MAX, Vin = 2.7 V 
Voc = MAX, Vin = 10V 
Voc = MAX, Vin = 0.4 V 


Ss 
tel | [elelel 


Voc = MIN, hy = —18 mA 


ER 


3 
> 


mA Vec = MAX, VouT =QOV 


A Voc = MAX, Viy = 0 V, VE =0V 


Voc = MAX, Viy=OV, Ve=4.5V 
| mA _| Voc = MAX, Vin = OV, VE= 4.5 V 
mA | Vcc = MAX, Vin = OV, Ve =0 


E 
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FAIRCHILD ¢ 9LS125 (54LS/74LS125) © 9LS126 (54LS/74LS126) 


TRUTH TABLES 
9LS125 9LS126 


L 

H 

(Z) 
AC CHARACTERISTICS: T, = 25°C 


LIMITS 
SYMBOL PARAMETER ee MAX UNITS TEST CONDITIONS 
tpLH Propagation Delay, 10 Fig. 2 
tpHL Data to Output 16 eas 
; ; CC se 

t Output Enable Time ns Figs. 4, 5 
PZH ies 

Ry = 667 2 
tpzi Output Enable Time 30 ns Figs. 3, 5 
to LOW Level 
ns 


4 
” 


L = LOW Voltage Level 

H = HIGH Voltage Level 
X = Don’t Care 

(Z) = High Impedance (off) 


[x a|m 


t Output Disable Time Figs. 3, 5 2 
PLZ a 
Cy =5 pF 
t Output Disable Time Figs. 4, 5 ay 
PHZ = Q 
from HIGH Level 23 Ry = 667 


Vcc 
| , 
Sw 
Fig. 1 
TO OUTPUT 
UNDER TEST 
5kQ 
C,* Sw2 


SWITCH POSITIONS 


SYMBOL 


Fig. 3 


Fig. 5 
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FAIRCHILD e 9LS132 (54LS /74LS132) 


QUAD 2-INPUT SCHMITT TRIGGER NAND GATE 


DESCRIPTION — The 9LS132 (54LS/74LS132) contains four 2-Input NAND Gates which accept standard TTL input signals 
and provide standard TTL output levels. They are capable of transforming slowly changing input signals into sharply defined, 
jitter-free output signals. Additionally, they have greater noise margin than conventional NAND Gates. 


Each circuit contains a 2-input Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a TTL totem 
pole output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and provide different 
input threshold voltages for positive and negative-going transitions. This hysteresis between the positive-going and 
negative-going input thresholds (typically 800 mV) is determined internally by resistor ratios and is essentially insensitive to 
temperature and supply voltage variations. As long as one input remains at a more positive voltage than V7+ (MAX), the gate 
will respond to the transitions of the other input as shown in Figure 1. 


LOGIC AND CONNECTION DIAGRAM Vin VERSUS Voy 
DIP (TOP VIEW) TRANSFER FUNCTION 


1.2 
Vin — INPUT VOLTAGE — VOLTS 


Fig. 1 


THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS 

VERSUS VERSUS 
POWER SUPPLY VOLTAGE TEMPERATURE 

Ke Ke 

g g 

| | 

1 > 1 > 

° | Oo | 

> H > n 

g2 a 

Oo 

a 5 

ee Ee 

= aS 

i L 

3% $3 

Vcc = POWER SUPPLY VOLTAGE ~— VOLTS Ta - AMBIENT TEMPERATURE ~ °C 

Fig. 2 Fig. 3 
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FAIRCHILD ¢ 9LS132 (54LS /74LS132) 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 


PART NUMBERS TEMPERATURE 
9L$132XC /74LS132XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


IMIT 
SYMBOL | PARAMETER —T : 


UNITS TEST CONDITIONS (Note 1) 


Input Clamp Diode Voltage 1.5 


XM 2.5 
V Output HIGH Voltage LM 


Voc = MIN, liy = -18 mA 
3.4 


[Te 
a 
L282 


Vcc = MIN, OH = —400 LA, VIN = VIL 


ICCH Supply Current HIGH 
lect Supply Current LOW 


11 Vec = MAX, Vin =OV 
14 mA Vcc = MAX, Vin = 4.5 V 


| | | 

oO | © Oo 
oO; ke — rep) = 
N | © ror) ~ on fon) 


ae 
XM,XC 0.25 4 Ver = MIN, Iq, = 4.0 mA, Ving = 2.0 V 
(. houmawwete joe. 9 oc = MIN, lo, = 4.0 mA, Vin 
XC 0.35 0.5 Ver = MIN, Iq; = 8.0 mA, Ving = 2.0 V 
CC OL IN 
Input Current at _ _ 
T+ Positive-Going Threshold = —_ mA Vec = 9.0 V, Vin = V+ 
Input Current at _ Z 
i Negative-Going Threshold ed a Mec? OM MN NT 
2 Vec = MAX, Ving = 2.7 V 
Nh Input HIGH Current 2 e CC IN 
i Input LOW Current ss mA | Voc =MAX, Viy = 0.4 V 
Output Short Circuit _ _ 
los Current (Note 3) iar ~100 Voc = MAX Vout = 9 V 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER alu UNITS TEST CONDITIONS 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


oy 


6V 
0.8 V 


<—tpy S| ee 


JV 1.3 


< 


Vout 
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FAIRCHILD e 9LS133 (54LS/74LS133) 


13-INPUT NAND GATE 


GUARANTEED OPERATING RANGES 


P| suppuyvourace | 
TEMPERATURE 
onan ne ee 


9L$133XM/54LS133XM 5.0V - 55°C to 125°C 
9LS133XC /74LS133XC 4.75 V  50V 5.25 V 0°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER LIMITS 


Vin Input HIGH Voltage 20 | | 


V \ t LOW Volt 


Vep Input Clamp Diode Voltage 


VOH Output HIGH Voltage ie 
XM,XC 
VOL Output LOW Voltage es 


HY Input HIGH Current 


Ne Input LOW Current 

Output Short Circuit 15 

OS Current (Note 3) 

ICcH Supply Current HIGH 


lec. Supply Current LOW 


SYMBOL PARAMETER | 


UNITS TEST CONDITIONS (Note 1) 


E 
= 
: > 

x< 


Guaranteed Input HIGH Voltage 


© 
N 


Guaranteed Input LOW Voltage 
Vcc = MIN, lin =-18 mA 
Vcc o MIN, IOH = —400 LA, VIN = VIL 


Vcc = MIN, lot = 8.0 mA, VIN =2.0V 


~ 
> 


= 
ane 
ee 
sce 
| 20 | 
mA Vec = MAX, Vin = 10 V 


l 
bag 
o1 
ce) 
aN 


mA Vcc = MAX, VIN =0.4V 


> 


Vec — MAX, VOUT =OV 


mA Vcc at MAX, VIN =OV 


= 
> 


Vec = MAX, Inputs Open 


Turn Off Delay, Input to Output a 
Turn On Delay, Input to Output Ld 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD e 9LS136 (54LS/74LS136) 


QUAD 2-INPUT EXCLUSIVE OR GATE 


TRUTH TABLE 


*Open Collector Outputs 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) Te WSERARURE 


=V_—— EL A 
9LS$136XC /74LS136XC 4.75 V 5.25 V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER ale MAX UNITS TEST CONDITIONS (Note 1) 
Vin Input HIGH Voltage 20 Guaranteed Input HIGH voltage 


TYP 
L | for All Inputs 
Me 6) Guaranteed Input LOW Voltage 
VIL Input LOW Voltage 
Veo Input Clamp Diode Voltage V Vec = MIN, ly = -18 mA 
Vcc = MIN, VOH =55V 
| Output HIGH Current 


lo, = 4.0 MA | Vec = MIN, Vin = Vin 
lot = 8.0 mA | or Vy, per Truth Table 
A Veco = MAX, Vin = 2.7 V 

A Vcc = MAX, Viq = 10 V 

A Voc = MAX, Vin = 0.4 V 

A Vcc = MAX 


XM,XC 
VoL Output LOW Voltage 
WH Input HIGH Current 


Ne Input LOW Current 
lec Power Supply Current 


3/3 


3 


3 


E 
io) 
o1 


o> 
—_ 


AC CHARACTERISTICS: Ty, = 25°C (See Page 4-50 for Waveforms) 


SYMBOL PARAMETER 


NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
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FAIRCHILD © 9LS266 (54LS/74LS266) 


QUAD 2-INPUT EXCLUSIVE NOR GATE 


TRUTH TABLE 


GUARANTEED OPERATING RANGES _ | 
SUPPLY VOLTAGE (Vcc) _ 
MIN TYP 


9LS266XM/54LS266XM 4B 
9LS266XC /74LS266XC AIBV. > ajo, BON | 


X= package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Informati tion for packages available on this product. 


PART NUMBERS TEMPERATURE | 


Cto 125°C 
O°C to 75°C 


R ATURE RANGE (unless otherwise specified 
units | TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH voltage 
for All Inputs 


Guaranteed Input LOW Voltage’. ‘ 


Vep Input Clamp Diode Voltage | | -0.65 | 


for All Inputs 

Voc = MIN, liq = —18 MA 

Vec = MIN, Voy = 5.5 V 

Vin = Vin or Vit per Truth Table 


lot =40mA Vcc a MIN, VIN os ViK 
lo. = 8.0 mA | or Vy, per Truth Table 


Vec = MAX, VIN =2.7V 


eae 
a 
Ff 06 | mA | Veg = MAX, Viy = 0.4 V 


loH Output HIGH Current 


o 
N > 


| XM,XC 


VOL Output LOW Voltage 


hy Input HIGH Current po 


V 
V 


> 


Wo Input LOW Current 


a o) 
E E 
343/31 
> > 


lec Power Supply Current 


LIMITS 


SYMBOL 


PARAMETER MIN 
Propagation Delay, Other Input LOW _ 
Propagation Delay, Other Input HIGH — 

NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 
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FAIRCHILD e 9LS279 (54LS/74LS279) 
QUAD SET-RESET LATCH 


TRUTH TABLE 


$2} R | ©) 
h 
H 
H 
L 
No Change 


PART NUMBER 
saa ee MAX ee 
9LS279XC /74LS$279XC 4.75 V al 0°Gt8 75°C 


iy j 
al 


L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Don't Care 

h = The output is HIGH as long as 
S71 or S92 is LOW. If all inputs go 
HIGH simultaneously, the output 


state is indeterminate; otherwise, 
it follows the Truth Table. 


7p) 


GUARANTEED OPERATING RANGES 


; Y i 
i, Hh a 7 
ckages available on this product. 


SYMBOL PARAMETER 


Guaranteed Input HIGH Voltage 


0.25 


M 

XM,XC 
VOL Output LOW Voltage | XMXC_| 
LH Input HIGH Current 


Ne Input LOW Current ; 


Output Short Circuit 


VIH 7 for All Inputs 
Vib a : aN : Guaranteed Input LOW Voltage 
2 . Loar for All Inputs 
Vep i p Diode Voltage 15 | Vo | Voc = MIN, ly =—18 mA 
“ Voc = MIN, Ioy = 400 vA 

YOu ea ae | — ae Vin oF Vn per ia Table 
| 0.4 
ee 


lo. = 4.0 mA | Vcc = MIN, Vin = Vin or 
Io. = 8.0 mA | Vj, per Truth Table 


oe 
bene 
Le Re Neo = Win oy 
| | 04 | ma | Voc = MAX. Vin = 0.4 V 
ase 


NO] Nh 
“SN ] oO 


| Vac = MAX, V =OV 
OS Current (Note 5) mA CC OUT 

lec Power Supply Current Vcc = MAX 

NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C (See Page 4-50 for Waveforms) 


Puimits 
PARAMETER 
Propagation Delay, S to Output PP ; ; me 


SYMBOL TEST CONDITIONS 


tPHL 


A 


Propagation Delay, R to Output 
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FAIRCHILD e 9LS365 (54LS /74LS365) @ 9LS366 (54LS /74LS366) 
9LS367 (54LS /74LS367) ¢ 9LS368 (54LS /74LS368) 


9LS365 (54LS/74LS365) «L366 (54LS/74LS366) 
HEX 3-STATE BUFFER WITH | HEX 3-STATE INVERTER BUFFER 
COMMON 2-INPUT NOR ENABLE WITH COMMON 2-INPUT NOR ENABLE 


TRUTH TABLE 


we OUTPUT 
AT A 
H 
L 


9LS367 (54LS/74LS367) 9LS368 (54LS/74LS368) 
HEX 3-STATE BUFFER HEX 3-STATE INVERTER BUFFER 
SEPARATE 2-BIT AND 4-BIT SECTIONS ; SEPARATE 2-BIT AND 4-BIT SECTIONS 


E é | GND E GND 


OUTPUT 
El © 


L 
L : 
H]| X ( 


DESCRIPTION — The 9LS365/366/367/368 are high speed hex buffers with 3-state outputs. They are organized as single 
6-bit or 2-bit/4-bit, with inverting or non-inverting data (D) paths. The outputs are designed to drive 15 TTL Unit Loads or 
60 Low Power Schottky loads when the Enable (E) is LOW. 


When the Output Enable Input (E) is HIGH, the outputs are forced to a high impedance “‘off” state. If the outputs of the 
3-state devices are tied together, all but one device must be in the high impedance state to avoid high currents that would 
exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 
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FAIRCHILD e 9LS365 (54LS /74LS365) e 9LS366 (54LS /74LS366) 
9LS367 (54LS /74LS367) e 9LS368 (54LS /74LS368) 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE 
ree | surpuyvotace | este earun 
a hs 


9LS365XM/54LS365XM 9LS366XM/54LS366XM Hea 3 Sad 55 v | —55°Cto 125°C 


9LS367XM/54LS367XM 9LS368XM/54LS368XM 


9LS365XC/74LS365XC 9LS366XC/74LS366XC : ; 
9LS367XC/74LS367XC 9LS368XC /74LS368XC aL OM. 5.0.V Boy 4 MEG Te 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER UNITS | TEST CONDITIONS 


Vin Input HIGH Voltage 


Guaranteed Input HIGH Voltage 


El 
Ss 

a 

= 

> 

x< 


XM a ae 6) Guaranteed Input LOW Voltage 
| XM 
Vep Input Clamp Diode Voltage | | 065 | -15 | Vv | Veo = MIN, ly =—18 mA 
XM 34], loy = 71.0 mA| Voc = MIN, Vin = Vy oF 
VouH Output HIGH Voltage | XM | 3.4 | OH — cc IN 1H 
XM,X Vv | iol =12mA_ | Vcc = MIN, Vin = V 
Vo. | Output Lowvottage |_XMixc | | 025 | 04 | v_ | tor=12ma_| Vcc IN = Vin oF 
lozH Output Off Current HIGH P| | 20 | WA] Veg = MAX, Vout = 2.4 V, Ve = 2.0 
lozL Output Off Current LOW a ae R:: Voc = MAX, Voy = 0.4 V, Ve = 2.0V 
IH nput HIGH Current _ 
Ne Input LOW Current P| 04 | oma | Vec = MAX, Vin = 0.4 V 
Output Short Circuit _ _ 
| Power sup] sisaes/ae7 | [was ||, 1) -waxy cov vecasy 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 


device type. 
2. Typical limits are at Voc = 5.0 V, Ta = 25°C. 
3. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C, Voc = 5.0 V (See Page 4-41 for Waveforms) 


LIMITS 


tpLy Propagation Delay, Data to Output ns C, = 45 pF 
tPHL (9LS365 ¢ 9LS367) 
tpLH Propagation Delay, Data to Output ns C, = 45 pF 
tpHL (9LS366 ¢ 9LS368) 


tpz- Output Enable Time to LOW Level 
tpLz Output Disable Time from LOW Level 


tpHz Output Disable Time from HIGH Level 


fT 
ne be 
ee 
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Figs. 4,5 | C, = 45 pF 


| Figs. 3,5 | C, =5.0pF 
yee Figs. 4,5 | R, = 6672 


FAIRCHILD @ AC WAVEFORMS 


AC TEST CIRCUITS AND WAVEFORMS 

The following test circuits and conditions represent Fairchild’ s typical AC test procedures. The output loading 
for standard Low Power Schottky devices is a 15 pF capacitor. Experimental evidence shows that test results 
using the additional diode-resistor load are within 0.2 ns of the capacitor only load. The capacitor only load 
also has the advantage of repeatable, easily correlated test results. The input pulse rise and fall times are 
specified at 6 ns to closely approximate the Low Power Schottky output transitions through the active thresh- 
old region. The specified propagation delay limits can be guaranteed with a 15 ns input rise time on all param- 
eters except those requiring narrow pulse widths. Any frequency measurement over 15 MHz or pulse width 
less than 30 ns must be performed with a 6 ns input rise time. 


Test Circuit for Standard Output Devices Optional Load (Guaranted — Not Tested) 


Vec 


= DEVICE UNDER 
= TEST T 


on ee ee 


*includes all probe and jig capacitance 


Test Circuit for Open Collector Output Devices Pulse Generator Settings 
(unless otherwise specified) 


Vcc Vec 


Frequency = 1 mHz 
Duty Cycle = 50% 
tTLH (tr) = 6 ns 

Te tTHL (tf) = 6 ns 
Amplitude = 0 to 3 V 


= DEVICE UNDER = 
= TEST {is pF * 


*Includes all probe and jig capacitance 


Waveform for inverting Outputs Waveform for Non-inverting Outputs 
VIN 1.3V 1.3V VIN 1.3V 1.3V 
Hon ra =p rn 
Vout - 1.3V 1.3V Vout —\—13v 13V 
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FAIRCHILD e AC WAVEFORMS 


WAVEFORMS FOR 9LS73, 9LS74, 9LS109, 9LS112, 9LS113, AND 9LS114 


Fig. 1 CLOCK TO OUTPUT DELAYS, 
DATA SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 


Fig. 2 SET AND CLEAR TO OUTPUT DELAYS, 
SET AND CLEAR PULSE WIDTHS 


Fig. 3 CLOCK TO OUTPUT DELAYS, DATA 
SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH 


P| —_————— tw (H) > 


(PLH 


*The shaded areas indicate when the input is permitted to change for predicatable output performance. 
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LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


9LS42 (54LS/74LS42) 
ONE-OF-TEN DECODER 


DESCRIPTION — The LSTTL/MSI 9LS42 (54LS/74LS42) is a Multipurpose Decoder LOGIC SYMBOL 
designed to accept four BCD inputs and provide ten mutually exclusive outputs. The 
9LS42 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 


MULTI-FUNCTION CAPABILITY 
MUTUALLY EXCLUSIVE OUTPUTS 
DEMULTIPLEXING CAPABILITY 

INPUT CLAMP DIODES LIMIT HIGH SPEED 
FULLY TTL AND CMOS COMPATIB 


EFFECTS 


12345 6791011 


Voc =Pin 16 
GND =Pin 8 


PIN NAMES LOADING (Note a) 


Ao —A3 Address Inputs 0.25 U.L. 
Oto9 Outputs, Active LOW (Note b) 10 ULL. 5(2.5) U.L. CONNECTION DIAGRAM 
DIP (TOP VIEW) 
NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


A 


0 
T® 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc = Pin 16 
GND =Pin 8 
© = Pin Numbers 


FAIRCHILD e 9LS42 (54LS /74LS42) 


FUNCTIONAL DESCRIPTION — The 9LS42 decoder accepts four active HIGH BCD inputs and provides ten mutually 
exclusive active LOW outputs, as shown by logic symbol or diagram. The active LOW outputs facilitate addressing other MSI 
units with active LOW input enables. 


The logic design of the 9LS42 ensures that all outputs are HIGH when binary codes greater than nine are applied to the 
inputs. . 


The most significant input Ag produces a useful inhibit function when the 9LS42 is used as a one-of-eight decoder. The A3 
input can also be used as the Data input in an 8-output demultiplexer application. 


TRUTH TABLE 


L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 


Se See ee ee ae 
Se ie Me aR a a ad AR a A a a 
ee ae ee eee 
S22 Se aa a Se a Se 
on 2 ee a ee ee 


H = HIGH Voltage Level 
L. = LOW Voltage Level 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature —65 C to +150°C 


Temperature (Ambient) Under Bias —55°C to. +125°C 
Vcc Pin Potential to Ground Pin —0.5Vto+7.0V 
*Input Voltage (dc) —0.5Vtot+i5V 
*Input Current (dc) — —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) | —0.5 Vto+10 V 
Output Current (dc) (Output LOW) . — +50 mA 


*Ejither Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBER T 
; ee eee 
9LS42XC/74LS42XC ATE 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


5-4 


FAIRCHILD © 9LS42 (54LS /74LS42) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 


V | t HIGH Voltage 
1H npu oltag Voltage for All Inputs 


3 
~< 
U 
3 
> 
x< 


< 

e) 

al 
F 

io) 

N N 
Ni ro) 
w 

£ 


Guaranteed Input LOW Threshold 


V Input LOW Voltage 
IL pu g Voltage for All Inputs 


A : 
Ols 


< 
O 
oO 


Input Clamp Diode Voltage 


08 | 
| xm | | 34 | 
XM 2.5 3.4 
Output HIGH Voltage 
. ee 
| 04 | 
Lee 


Vcc = MIN, TN =-18 mA 


Vcc = MIN, lOH = —400 HA 
VIN = VIH or VIL per Truth Table 


V lo = 4.0 mA | Vcc = MIN, Vin = Vi or 
V lo. = 8.0 mA | Vi, per Truth Table 


Voc = MAX, Viy = 2.7 V 
mA Vcc = MAX, VIN =10V 


iat 
ae ee 


mA Vcc = MAX, VOUT =OV 


A Vec = MAX 


XM,X 
Output LOW Voltage 


; 
ro) 
N 
E 
is 
> 


ly Input HIGH Current 


Input LOW Current 


Output Short Circuit 
OS Current (Note 5) 


a 


Icc Power Supply Current 


™ 
O 
_ 
NO 
5 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘’worst case’’ conditions. 

3. The specified LIMITS represent the “worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


PARAMETER 
Propagation Delay 
(2 Levels) 
Propagation Delay 
(3 Levels) 


SYMBOL TEST CONDITIONS 


LIMITS 
pi 
18 
25 


_ =— 
oO N 
NN 
“ 


AC WAVEFORMS 


Vout 1.3V 1.3V VouT 1.3V 1.3V 
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9LS83 (54LS/74LS83A) 
4-BIT BINARY FULL ADDER WITH FAST CARRY 


DESCRIPTION — The 9LS83 (54LS/74LS83A) is a high-speed 4-Bit Binary Full Adder 
with internal carry lookahead. It accepts two 4-bit binary words (Ay — Ag, By - Bq) and 
a Carry Input (Cj). It generates the binary Sum outputs (24 — 24) and the Carry 
Output (COUT) from the most significant bit. The 9LS83 operates with either active 
HIGH or active LOW operands (positive or negative logic). The 9LS283 (54LS/74LS283) 
is recommended for new designs since it is identical in function with this device and 
features standard corner power pins. 7 


LOGIC SYMBOL 


PIN NAMES LOADING (Note a) 
'By"A> By Aq Ba Ag B 
A, —Agq Operand A Inputs Hin Getrag et 
By — By Operand B Inputs 
Cin Carry Input AL: Fie Og: Pay Sa 
X41 —-24 ‘Sum Outputs (Note b) °5(2.5) ULL. 
CouT Carry Output (Note b) 5(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 4Q,, 
b. The Output LOW drive 
Temperatur s. 


LOGIC DIAGRAM 


Cin Ay 


CoutT 


: LOW. 
.L. for Military (XM) and 5 U.L. for Commercial (XC) 


Vcc =Pin 5 
GND = Pin 12 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


24 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Voc =Pin 5 
GND = Pin 12 
© = Pin Numbers 
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FAIRCHILD ¢ 9LS83 (54LS /74LS83A) 


FUNCTIONAL DESCRIPTION — The 9LS83 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary 
sum appears on the sum outputs (24 — 24) and outgoing carry (COUT) outputs. 


CIN+(A4+B4)+2(AQ+B2)+4(A3+B3)+8(Aq+Bq) = 2442291423482 4+16COUT 
Where: (+) = plus 
Due to the symmetry of the binary add function the 9LS83 can be used with either all inputs and outputs active HIGH 


(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs, Carry In can 
not be left open, but must be held LOW when no carry in is intended. 


Cin] At A2 A3 A4|B1 Ba B3 B4a}|21 22 23 24 | COUT 


logic ievels. | LL H LH |H LL Hi/H HLL] A 
monones | ofe 1 01 fp oer iy eel 1 
Interchanging inputs of equal weight does not affect the operation, thus Cjjy, Ay, By, can be arbitrarily assigned to pins 10, 


Active LOW 
11, 13, ete. 


Example: 


(10+9=19) 


(carry+5+6=12) 


ABSOLUTE MAXIMUM RATINGS (above which the useful! life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) | —0.5Vto +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBERS TEMPERATURE 


9LS83XC /74LS83AXC 4.75 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD ¢ 9LS83 (54LS /74LS83A) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


| | 
SYMBOL PARAMETER LIMITS 
ViH Input HIGH Voltage 1 20 
XM | 
ViL Input LOW Voltage | XM | 


Input Clamp Diode Voltage 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


(e) 
N 


<= 
OC lpn ¢ = ¢ > 
myo=— | Oo x 


oO 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, IN =—-18mA 
Vcc _ MIN, lon = —400 LA 
Vin = Vin OF Viz per Truth Table 


Vv lot = 4.0 mA} Vcc = MIN, VIN = Vin or 


M 
C 


. XM, 
VoL Output LOW Voltage ae 


3.4 
3.4 


0.25 


2.5 
2.7 


Output HIGH Voltage 


0.4 


C | | 0.38 Vv Io, = 8.0 mA| Vy, per Truth Table 
Input HIGH Current 
Cin MA Voc = MAX, Vin = 2.7 V 
Ihe Any A or B 
Cin | mA | Voc = MAX, Vin = 10 V 
Any Aor B 
input LOW Current 
Any Aor B 
Output Short Circuit 
| —15 —10 Ver = = 
OS Current (Note 5) 2 CC mie VOUT a” 
Ver = MAX, All Inputs 0 V 
lec Power Supply Current = ae =e mes CC “a oni 
| 19 | 34 | mA | Voc = MAX, A Inputs = 4.5 V 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case” conditions. 

3. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS UNITS | TEST CONDITIONS 


tpl Hy Propagation Delay, Cj Input 24 

tpHt to Any 2 Output 24 

tpLH Propagation Delay, Any A or B Input 24 | Veco = 5.0 V 
tPHL to 2 Outputs | 24 C) = 15 pF 
'PLH 

tPHL 


Propagation Delay, Cyy Input 17 Figures 1 and 2 
to Coyt Output 17 

teLH Propagation Delay, Any A or B Input | . 
tpHL to Cout Output 
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9LS90 (54LS/74LS90) - 9LS92 (54LS/74LS92) 
DECADE COUNTER DIVIDE-BY-TWELVE COUNTER 


9LS93 (54LS/74LS93) 
4-BIT BINARY COUNTER 


DESCRIPTION — The 9LS90 (54LS/74LS90), 9LS92 (54LS/74LS92) and 9LS93 
(54LS/74LS93) are high-speed 4-bit ripple type counters partitioned into two sections. 
Each counter has a divide-by-two section and either a divide-by-five (9LS90), 
divide-by-six (9LS92) or divide-by-eight (9LS93) section which are triggered by a 
H!IGH-to-LOW transition on the clock inputs. Each section can be used separately or a tat 
together (Q to CP) to form BCD, bi- -quinary, modulo-12, or modulo-16 counter [s- Al li, 
the counters have a 2-input gated Master Reset (Clear), and the daca al a a inp. pu: e 

gated Master Set (Preset 9). me 


EUgIe Seer 


We\' yw 
ae ‘LS ee 
ver .Y me 

e LOW POWER CONSUMPTION G he Pea LY 45 mW 23 129 811 
@ HIGH COUNT alles ai PI as 50 MHz Veg = Pin 5 
@ CHOICE OF C¢ pat a ODES ....BCD, BI-QUINARY, DIVIDE-BY-TWELVE, GND = Pin 10 

ir 

BINARY # a NC = Pins 4, 13 

@ INPUT CLA a LIMIT HIGH SPEED TERMINATION EFFECTS 
@ FULLY TTL AND CMOS COMPATIBLE 9LS92 
PIN NAMES LOADING (Note a) 
CPo Clock (Active LOW going edge) Input to 3.0 U.L. 1.5 ULL. 

+2 Section 12119 8 
CP, Clock (Active LOW going edge) Input to 2.0 U.L. 2.0 U.L. Vec = Pin 5 

+5 Section (9LS90), +6 Section (9LS92) GND = Pin 10 
CP, Clock (Active LOW going edge) Input to 1.0 ULL. 1.0 ULL. NC = Pins 2, 3, 4, 13 

+8 Section (9LS93) 
MR 1, MRo Master Reset (Clear) Inputs 0.5 ULL. 0.25 U.L. 
MS1, MSo Master Set (Preset-9, 9LS90) Inputs 0.5 U.L. 0.25 U.L. 
Qo Output from +2 Section (Notes b & c) 10 ULL. 5(2.5) U.L. 
Q 1, Q9, 3 Outputs from +5 (9LS90), +6 (9LS92), 10 ULL. 5(2.5) U.L. 

+8 (9LS93) Sections (Note b) 
NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. GND = Pin 10 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) NC = Pins 4, 6, 7,13 


Temperature Ranges. 
c. The Qo Outputs are guaranteed to drive the full fan-out plus the CP, input of the device. 
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FAIRCHILD ¢ 9LS90 e 9LS92 e 9LS93 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


LOGIC DIAGRAM 


9LS90 


NC = No Internal Connection 


Q3 
NOTE: 
The Flatpak version has the same — 
pinouts (Connection Diagram) as the 

Dual In-Line Package. 


© = Pin Numbers 

Vec =Pin 5 

GND = Pin 10 
LOGIC DIAGRAM CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NC = No Internal Connection 
— NOTE: 
O = Pin Numbers The Flatpak version has the same 
Vec = Pind pinouts (Connection Diagram) as the 
GND = Pin 10 Dual In-Line Package. 


CONNECTION DIAGRAM 
_ DIP (TOP VIEW) 


NC = No Internal Connection 


© = Pin Numbers 
Vec > Pin 5 . 
GND = Pin 10 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD e 9LS90 @ 9LS92 ¢ SLS93 


FUNCTIONAL DESCRIPTION — The 9LS90, 9LS92, and 9LS93 are 4-bit ripple type Decade, Divide-By-Twelve, and Binary 
Counters respectively. Each device consists of four master/slave flip-flops which are internally connected to provide a 
divide-by-two section and a divide-by-five (9LS90), divide-by-six (9LS92), or divide-by-eight (9LS93) section. Each section 
has a separate clock input which initiates state changes of the counter on the HIGH-to-LOW clock transition. State changes of 
the Q outputs do not occur simultaneously because of internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and should not be used for clocks or strobes. The Qo output of each device is designed and specified to drive 
the rated fan-out plus the CP, input of the device. 


A gated AND asynchronous Master Reset (MR 1°MRo>) is provided on all counters which overrides and clocks and resets 
(clears) all the flip-flops. A gated AND asynchronous Master Set (MS*MS9) is provided on the 9LS90 which overrides the 
clocks and the MR inputs and sets the outputs to nine (HLLH). 


Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes.: 


9LS90 


A. BCD Decade (8421) Counter — The CP, input must be externally connected to the Oo output. The CPo input receives the 
incoming count and a BCD count sequence is produced. 


B. Symmetrical Bi-quinary Divide- -By-T -Ten Counter — The Qs, output must be externally connected to the CPo input. The 
input count is then applied to the CP, input and a divide-by-ten square wave is obtained at output Op: 


C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are required. The first flip-flop is used as a 


binary element for the divide-by-two function (CPG as the input and Oo as the output). The CP, input is used to obtain 
binary divide-by-five operation at the Q2 output. 


9LS92 


A. Modulo 12, Divide-By-Twelve Counter — The CP, input must be externally connected to the Qo output. The CP, input 
receives the incoming count and Q3 produces a symmetrical divide-by-twelve square wave output. 


B. Divide-By-Two and Divide-By-Six Counter — No external interconnections are required. The first flip-flop is used as a 


binary element for the divide-by-two function. The CP, input is used to obtain divide-by-three operation at the Q, and Q5 
outputs and divide-by-six operation at the Q3 output. 


9LS93 


A. 4-Bit Ripple Counter — The output Qo must be externally connected to input CP}. The input count pulses are applied to 
input CPo. Simultaneous divisions of 2, 4, 8, and 16 are performed at the Qo, Q7, Og, and O3 outputs as shown in the 
truth table. 


B. 3-Bit Ripple Counter — The input count pulses are applied to input CP). Simultaneous frequency divisions of 2, 4, and 8 
are available at the Q,, Q9, and Q3 outputs. Independent use of the first flip-flop is available if the reset function 
coincides with reset of the 3-bit ripple-through counter. 
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FAIRCHILD e 9LS90 e 9LS92 ¢ SLS93 


—  9LS90 
MODE SELECTION 


RESET/SET INPUTS “OUTPUTS | 
S9 Qo Q, Qs Q3 
L LL. 


L 

aa L L 

H LL H 
~ Count 
Count © 
Count _ 
Count 


| X 
L 
H 
ed 
L 
L 
xX. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
9LS90 | 9LS92 
BCD COUNT SEQUENCE TRUTH TABLE 


OUTPUT 
COUNT 


Qo Q, QQ Ag 


oem Cad EG ce Scams CE A ce cae 
fa Ss om cea Te OS a 


0. 

1 

2 

3 

4 | 
5 

6 

7 

8 

9 


L 
H 
L 
H 
L 
H 
L 
H 
L 
H 


PU. Se Se eae te 


- 
i i 


Pare es eer 
Teoreerwtwoureer 


NOTE: Output Qg is connected to Input 
CP, for BCD count. 


L 
H 
L 
H 
L 
H 
L 
H: 
L 
H 
L 
H 


- 
aL 


Note: Output Qo connected to input CP,. 


a Wile eager cles OO GARE geld cad ads aa 


9LS92 AND 9LS93 
- MODE SELECTION 


~ OUTPUTS 


Qo Q, QQ Ag 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


9LS93 
TRUTH TABLE 


ok a eo 8a ae as a 
ge we eke Shs, eee ee Oe ee 


ae EO ae de de es FE SEY EY ab or Et e 
gle: cake ee es ee a 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


—L 
a 


Note: Output Qg connected to input CP. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature 

Temperature (Ambient) Under Bias 

Vcc Pin Potential to Ground Pin 

“Input Voltage (dc) 

*Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 


*Either Input Voltage limit or input Current limit is sufficient to protect the inputs. 
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-65°C to +150°C 
-55°C to +125°C 
-0.5 V to+7.0 V 
-0.5 V to+15 V 
-30 mA to +5.0 mA 
~0.5 V to +10 V 
+50 mA 


FAIRCHILD e 9LS90 e 9LS92 e 9LSI3 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
TEMPERATUR 
scien aE eee eae a ee sia 
9LS90XM /54LS90XM 


9LS92XM /54LS92XM 45 V 5.0 V 5.5 V —§5°C to +125°C 
9LS93XM /54LS93XM 


9LS9OXC / 74LS90XC 
9LS92XC / 74LS92XC 4.75 V 5.0V 5.25 V O°C to +75°C 
9LS93XC /74LS93XC 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
PAR 1 
SYMBOL AMETER mye MAX) UNITS | TEST CONDITIONS (Note 1) 
teed Input HIGH Volt 
Vin Input HIGH Voltage 2.0 Suarameed NpUl mea voave 


for All Inputs 
XM 
ViL Input LOW Voltage a 
XC 


Vep Input Clamp Diode Voltage 


VoH Output HIGH Voltage fi kee 74 


XC 
XM,X 
VOL Output LOW Voltage 


Input HIGH Current 
MS, MR 


CPo 
CP, (LS93) 
CP, (LS90, LS92) 


Guaranteed Input LOW Voltage 
for All Inputs 


EA 
or 
< 


Oo 
~ 


Vcc = MIN, 'IN =-18mMmA 
Vcc = MIN, loH = —400 HA 
Vin = Vin or Vip per Truth Table 


0.25 V lo = 4.0 mA | Vcc = MIN, Vin = Vip or 
V lot = 8.0 mA | Vi_ per Truth Table 


2.5 
2.7 


o 
w 
1 


Vcc = MAX, VIN =2.7V 


MS, MR 
CPo, CP, (LS93) 
CP, (LS90, LS92) 


Vcc = MAX, VIN =10V 


Input LOW Current 
MS, MR 
Ne CPo 
CP, (LS93) 
CP, (LS90, LS92) 


, Output Short Circuit 415 
OS Current (Note 5) | 
lec Power Supply Current 


NOTES 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


3 
> 


Vcc = MAX, VIN =0.4V 


el tft aeetele} | is 
—_ 
ee hae ae OhNN 
OoO0 0 
s 
> 


3 


> 


3 
> 


A Vcc = MAX 
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FAIRCHILD ¢ SLS90 ® 9LS92 e 9LS93 


AC CHARACTERISTICS: T, = 25°C, Vcc = 5.0 V, CL = 15 pF 


. LIMITS 
SYMBOL _ PARAMETER 9LS90 9LS92 , — Q9LS93 UNITS 
tpLH Propagation Delay, 
tpHL CPo Input to Qo Output 
'PLH CP, Input to Q, Output 16 16 16 
PHL 21 21 21 
'PLH CP, Input to Q5 Output 32 16 32 Fig. 1 
{PHL . 35 21 35 
'PLH CP, Input to Q3 Output 32 _ 32 51 
{PHL 35 35 51 
'PLH CPo Input to Q3 Output 48 48 70 
tPHL | 50 50 70 
AC SET-UP REQUIREMENTS: Ta = 25°C, Vcc = 5.0 V 

: : LIMITS 

SYMBOL PARAMETER 9LS90 9LS92 9LS93 UNITS 
tw _|_CPo Pulse Width pis | of ts | | gig 
tw _|_CPy Pulse Width [x2] [|o}] |o{ | = | 


RECOVERY TIME (toe) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to- 
LOW in order to recognize and transfer HIGH data to the O outputs. 


AC WAVEFORMS 
*CP 1.3V 1.3V 
| |<— tw 
PHL 7 5 Ee 
| Fig. 4 


“The number of Clock Pulses required between the tpjy,; and tp; ;, measurements can be determined from the appropriate Truth Tables. 


MR & MS 1.3v 76 Me Ms 13w Zé Me 1.3V 
a eee tw sails tied 4 


da ie 


Qo, O3 
(LS90) 
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9LS95 (54LS/74LS95B) 
4-BIT SHIFT REGISTER 


DESCRIPTION — The 9LS95 (54LS/74LS95B) is a 4-Bit Shift Register with serial and LOGIC SYMBOL 
parallel synchronous operating modes. The serial shift right and parallel load are activated 
by separate clock inputs which are selected by a mode control input. The data is 
transferred from the serial or parallel D inputs to the Q outputs synchronous with the 
HIGH to LOW transition of the appropriate clock input. 


The 9LS95 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 


e SYNCHRONOUS, EXPANDABLE SHIFT RIGHT 
e SYNCHRONOUS SHIFT LEFT CAPABILITY 
e SYNCHRONOUS PARALLEL LOAD 
e SEPARATE SHIFT AND LOAD CLOCK INPUTS | GND =Pin 7 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFEC 
e FULLY TTL AND CMOS COMPATIBLE SONNE TIGEI ECE 
PIN NAMES YABING (Note a) DIP (TOP VIEW) 
LOW 
S Mode Control Input 0.25 U.L. 
Ds Serial Data Input | 0.25 ULL. 
Po — Pa Parallel, a 0.25 ULL. 
CP, ial Clac 0.5 ULL. 
Input 

CP5 Parallel Clock (Active LOW Going 0.5 ULL. 

Edge) Input 
Oy — 03 Parallel Outputs (Note b) 10 ULL. 5(2.5) ULL. 
NOTES: NOTE: 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


a. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM "6 i _ 
© ® © 


(4 ST | Sma | SNS 
Vec = Pin 14 


UY RR 


O - = Pin Numbers » 


FAIRCHILD e 9LS95 (54LS /74LS95B) 


FUNCTIONAL DESCRIPTION — The 9LS95 is a 4-Bit Shift Register with serial and parallel synchronous operating modes. 
It has a Serial (Dg) and four Parallel (Pg — P3) Data inputs and four Parallel Data outputs (Qo — Q3). The serial or parallel 
mode of operation is controlled by a Mode Control input (S) and two Clock inputs (CP,) and (CP>5). The serial (right-shift) or 
parallel data transfers occur synchronous with the HIGH to LOW transition of the selected clock input. 


When the Mode Control input (S) is HIGH, CP is enabled. A HIGH to LOW transition on enabled CP transfers parallel data 
from the Pg — P3 inputs to the Qo — Q3 outputs. 

When the Mode Control input (S) is LOW, CP, is enabled. A HIGH to LOW transition on enabled CP, transfers the data from 
Serial input (Dg) to Op and shifts the data in Op to Q7, Qy to Og, and Os to Oe respectively (right-shift). A left-shift is 
accomplished by externally connecting Q3 to Pz, Qo to Py, and Q, to Po and operating the 9LS95 in the parallel mode 
(S = HIGH). 

For normal operation, S should only change states when both Clock inputs are LOW. However, changing S from LOW to 
HIGH while CP5 is HIGH, or changing S from HIGH to LOW while CP, is HIGH and CP5 i is LOW will not cause any changes 
on the register outputs. 


MODE SELECT — TRUTH TABLE 


OPERATING MODE 


iS) 
” 


Parallel Load 
No Change 
No Change 
No Change 

Mode Change Undetermined. 

Undetermined 
No Change 

Undetermined 
No Change 


eae 
L L Xx | 
L i Xx h 
L Lo} ok x 
me L L x 
4 H L x 
SF H L Xx 
a L H x 
aie L H x 
L H H x 
ab H H x 


LOW Voltage Level 

HIGH Voltage Level 

Don’t Care 

LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition. 

HIGH Voltage Level one set-up time prior to the HIGH to LOW clock transition. 

P,= Lower case letters indicate the state of the referenced input (or output) one set-up time prior to 
the HIGH to LOW clock transition. 


tou ou 


77 xir 
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FAIRCHILD e 9LS95 (54LS /74LS95B) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature _ —65 C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


) SUPPLY VOLTAGE (Vcc) 
TEMPERATURE 


9LS95XC /74LS95BXC 4.75 V 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


units | TEST conoimons 


ITS 
SYMBOL PARAMETER TYP MAX 


ViH Input HIGH Voltage 2.0 
Xx 
VIL Input LOW Voltage 


Vep Input Clamp Diode Voltage 
utpu oltage 
XM,X 
VoL Output LOW Voltage 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


< 


Vcc = MIN, NWN =~-18mMmA 


Vec = MIN, loo = —400 LA 
VIN = VIH or ViL per Truth Table 


0.5 


| 
: : fe?) 
o 
on 


Input HIGH Current 
CP1, CP5 40 
lH 
CP, CP5 0.2 
Input LOW Current 
Ne , S, Ds, Po. Py, Po, P3 : mA Vcc = MAX, VIN =0.4V 
CP,, CP, i 
Output Short Circuit » a 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


~“ 
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FAIRCHILD e 9LS95 (54LS /74LS95B) 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER 


. | Voc = 5.0V 
tpiy 20 27 Fig. 1 Cy = 15 pF 
tPHL 18 27 


IMIT . 
SYMBOL PARAMETER UNITS | TEST CONDITIONS 
sre 


twi(cCP) Clock Pulse Width 


a 
ts(Data) Set-up Time, Data to Clock 20 i 
ae 


— 
DEFINITIONS OF TERMS: 


SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. | 


HOLD TIME (t,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


ae | *The Data Input is 
CP, OR CP, 13-3 1.3V 1.3V (Dg for CPy) or (P, for CPo). 
eely 


eae 


Fig. 1 


13V 1.3V 
, th (H) 


9LS138 (54LS/74LS138) 
1-OF-8 DECODER/DEMULTIPLEXER 


DESCRIPTION — The LSTTL/MSI 9LS138 (54LS/74LS138) is a high speed 1-of-8 
Decoder/Demultiplexer. This device is ideally suited for high speed bipolar memory chip 
select address decoding. The multiple input enables allow parallel expansion to a 1-of-24 
decoder using just three 9LS138 devices or to a 1-of-32 decoder using four 9LS138s and 
one inverter. The 9LS138 is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Fairchild TTL families. 


¢ DEMULTIPLEXING CAPABILITY 
¢ MULTIPLE INPUT ENABLE FOR EASY EXPANSION 

e TYPICAL POWER DISSIPATION OF 32 mW 

¢ ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 

¢ INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

¢ FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

Ag — Ag Address Inputs 0.25 U.L. 
Ey, E9 Enable (Active LOW) Inputs 0.5 ULL. 0.25 ULL. 
E3 Enable (Active HIGH) Input 0.5 ULL. 0.25 U.L. 
Og — 07 Active LOW Outputs (Note b) 10 ULL. 5 (2.5) ULL. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 nA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


E, E> &3 Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 


LOGIC SYMBOL 


ITT] 


16 14 13 12 11 10 9 7 


Vcc = Pin 16 
GND=Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD ® 9LS138 (54LS/74LS138) 


FUNCTIONAL DESCRIPTION — The 9LS138 is a high speed 1-of-8 Decoder/Demultiplexer fabricated with the low power 
Schottky barrier diode process. The decoder accepts three binary weighted inputs (Ag, Ai, A9) and when enabled provides 
eight mutually exclusive active LOW outputs (Oo- OJ). The 9LS138 features three Enable inputs, two active LOW (Ey, E>) 
and one active HIGH (E3). All outputs will be HIGH unless E, and E> are LOW and Eg is HIGH. This multiple enable 
function allows easy parallel expansion of the device to a 1-of-32 (5 lines to 32 lines) decoder with just four 9LS138s and one 
inverter. (See Figure a.) 


The 9LS138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs as the data input and 
the other Enable inputs as strobes. The Enable inputs which are not used must be permanently tied to their appropriate active 
HIGH or active LOW state. 


TRUTH TABLE 


nr ror err se c= 
ee ie Ss a SS Ce CR ee a 


~- oe a -— -— 7-7 KK T 
IZreitir terete KK XK 
ee ae i ee 
Se de oe a De i ee 
2 ee ee 
a Os wii coe cae mee aa ge a i 
2 a eS a 
2 eS ee SS 
ee ere eens og! 
2a a ee 
ee a a ae ee 
Ge Se Sa 


rm 
L 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


Ag Ay Ag 


938138 93S138 935138 938138 


109 0; 07 03 O4 Og Og O07 


Oo 0199 Pa a O5 6 07 


.O9 91 Og 03 O04 Os Og O7 


Oo 0, O» 03 O04 Os Og O7 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +1 50°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5V to +7.0 V 
*Input Voltage (dc) —0.5 Vto+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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FAIRCHILD ¢ 9LS138 (54LS/74LS138) 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE (Vcc) 


TEMPERATURE 
9LS138XC/74LS138XC 4.75 V 5.25V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 
LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


<= 


A 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


O 
~ 


Guaranteed Input LOW Threshold 


Vin Input HIGH Voltage 
V 
IL Voltage for All Inputs 


Input LOW Voltage 


Vcp Input Clamp Diode Voltage 
: ae 2.5 
utput oitage 
XC 


XM,XC 
VOL Output LOW Voltage i ee 
hy Input HIGH Current 


Ne Input LOW Current 

Output Short Circuit 15 
OS Current (Note 5) 

lec Power Supply Current 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘’worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


mall Feo, 


< 


Vcc MIN, lin =-18mMmA 
Vcc = MIN, lon = —400 UA 
Vin = Vin or Vip per Truth Table 


V lo. = 4.0 mA | Vcc = MIN, VIN = ViH or 
V lo. = 8.0 mA | Vy, per Truth Table 


mA Vec = MAX, VIN =0.4V 


3.4 
3.4 


0.25 
0.35 


0.4 
0.5 


NO 
‘o) 
> 


~—0.36 


3 
> 


Vec = MAX, VOUT =OV 


o>) 
w 
o>) 
3 

> 


Vec = MAX 


N 
o> 2 
ol vU 


—ah 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
pps: 7 Wear INS ages 
a 

Propagation Delay 11 18 
Address to Output 19 27 
Propagation Delay, 9.0 15 
‘E, or Ey to Output 17 24 
Propagation Delay, 11 18 ; 
E3 to Output fm | eet 


AC WAVEFORMS 


SYMBOL 


Vout 1.3V 1.3V Vout 1.3V 1.3V 
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9LS139 (54LS/74LS139) 


DUAL 1-OF-4 DECODER 


DESCRIPTION — The LSTTL/MSI 9LS139 (54LS/74LS139) is a high speed Dual 1-of-4 
Decoder/Demultiplexer. The device has two independent decoders, each accepting two 
inputs and providing four mutually exclusive active LOW outputs. Each decoder has an 
active LOW Enable input which can be used as a data input for a 4-output demultiplexer. 
Each half of the 9LS139 can be used as a function generator providing all four minterms 
of two variables. The 9LS139 is fabricated with the Schottky barrier diode process for 
high speed and is completely compatible with all Fairchild TTL families. 


SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

TWO COMPLETELY INDEPENDENT 1-OF-4 DECODERS 

ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE | 


PIN NAMES 7 LOADING (Note a) 
Ao, Ay Address Inputs 0.25 U.L. 
E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. 
Oo — 03 Active LOW Outputs (Note b) 10 ULL. 5 (2.5) ULL. 
NOTES: | 


a. 1 TTL Unit Load (U.L.) = 40 nA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


Cob 


Vcc = Pin 16 
GND =Pin 8 
© = Pin Numbers 


5-22 


LOGIC SYMBOL 


Ag Ay Ag Ay 
DECODER a DECODER b 


Op 9; 92 O03 


12 11 10 9 


Vcc = Pin 16 
GND =Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD ¢ 9LS139 (54LS/74LS139) 


FUNCTIONAL DESCRIPTION — The 9LS139 is a high speed dual 1-of-4 decoder/demultiplexer fabricated with the 
Schottky barrier diode process. The device has two independent decoders, each of which accept two binary weighted inputs 
(Ao, Aj) and provide four mutually exclusive active LOW outputs (09-03). Each decoder has an active LOW Enable (E). 
When E is HIGH all outputs are forced HIGH. The enable can be used as the data input for a 4-output demultiplexer 
application. 


Each half of the 9LS139 generates all four minterms of two variables. These four minterms are useful in some applications, 
replacing multiple gate functions as shown in Fig. a, and thereby reducing the number of packages required in a logic 
network. 


TRUTH TABLE E E 


0 2 3 


oO} 
ny 

O| 
Oo} 


E E 
A = jo— 03 A —=4 »— 9) 
HIGH Voltage Level : ae i 
A4 Ay 


H = 
L = LOW Voltage Level 
X = 


Don’t Care Fig. a 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55 C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vtot+7.0V 
*Input Voltage (dc) —0.5 Vto +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS See VORISSE ce! TEMPERATURE 


TYP 


a wR 
9LS139XC /74LS139XC 4.75 V 5.25 V 0°C to + 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


FAIRCHILD ¢ 9LS139 (54LS/74LS139) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


| LIMIT : es 
- SYMBOL PARAMETER wits a UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 


| t HIGH Volt 
VIH nput HIGH Voltage Voltage for All Inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


oO 
N 


| 
B 
o 
on 
“ 
on 


Input LOW Voltage 


< 
- 
Os 


Vep Input Clamp Diode Voltage : Vec = MIN, tiny = -18 mA 
; = XM,XC V lo. = 4.0 mA | Vcc = MIN, Vin = ViH oF 
OL utput LOW Voltage = 
| | t HIGHC t POs || 220) HA Vcc = MAS VIN = 27 
| npu urren 
lic Input LOW Current | | 0.36 | mA | Veg = MAX, Vy = 0.4 V 
Output Short Circuit 
a A Ver = MAX, V =OV 
los Current (Note 5) e P| -100 co-M OUT 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ty = 25°C 


PARAMETER LES UNITS 


Propagation Delay, 18 Pe 
Address to Output 27 


SYMBOL 


Propagation Delay, 
Enable to Output 


Vout 1.3V 1.3V VouT 1.3V 1.3V 


Fig. 1 | | Fig. 2 


5-24 


9LS151 (54LS/74LS151) 
8-INPUT MULTIPLEXER 


DESCRIPTION — The TTL/MS! 9LS151 (54LS151/74LS151) is a high speed 8-Input 
Digital Multiplexer. It provides, in one package, the ability to select one bit of data from LOGIC SYMBOL 
up to eight sources. The 9LS151 can be used as a universal function generator to generate 
any logic function of four variables. Both assertion and negation outputs are provided. 


1 16 14 13 12 


E tg 44 la Ig Ig Ig Ig ly 


SCHOTTKY PROCESS FOR HIGH SPEED 
MULTIFUNCTION CAPABILITY 
ON-CHIP SELECT LOGIC DECODING 
FULLY BUFFERED COMPLEMENTARY OUTPUTS weer ne 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS GND = Fi 38 
FULLY TTL AND CMOS COMPATIBLE 


CONNECTION DIAGRAM 


DIP (TOP VIEW) 


PIN NAMES LOADING (Note a) 


So — S2 Select Inputs 0.25 U.L. 

E Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 

lg —!7 Multiplexer Inputs 0.5 ULL. 0.25 ULL. 

Z Multiplexer Output (Note b) 10 ULL. 5 (2.5) U.L. 

Z Complementary Multiplexer Output 10 ULL. 5 (2.5) ULL. 

(Note b) 
NOTE: 

NOTES: The Flatpak version has the same 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. pinouts (Connection Diagram) as the 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) Dual In-Line Package. 


Temperature Ranges. 


LOGIC DIAGRAM 


Vcc = Pin 16 
GND= Pin 8 
O = Pin Numbers 
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FAIRCHILD e 9LS151 (54LS/74LS151) 


FUNCTIONAL DESCRIPTION — The 9LS151 is a logical implementation of a single pole, 8-position switch with the switch 
position controlled by the state of three Select inputs, So, S41, S9. Both assertion and negation outputs are provided. The 
Enable input (E) is active LOW. When it is not activated, the negation output is HIGH and the assertion output is LOW 
regardless of all other inputs. The logic function provided at the output is: 
Z = E+(Ig*SgS4 ‘So +14 *So'S4 "So + Io°Sg°Sy "So + 13°So°Sq "So + 
I4°Sq*Sq*Sq + 15*Sq°S4 "Sp + 1g*Sq"Sq "Sq + !7*Sq*S4°Sp). 


The 9LS151 provides the ability, in one package, to select from eight sources of data or control information. By proper 
manipulation of the inputs, the 9LS151 can provide any logic function of four variables and its negation. 


TRUTH TABLE 
Ig Iz 


o 
arg 
Bh 
Oo 
>) 
~ 


IrrrrrriqrerrerreererxE 
TrrtTrTrrerererertTTTtTIrTIrre eR 
TIoOIrrrTrTrreirTt~ararereiwiiwTwes;)©xXx 
xxxxxxxXxXKxKKXKX XOX 
xxxxxXxXxXxXKxXxXXEOOXKXXS 
xxxxxxxxXxXxKEOOKXxXKKS 
xxxxxxxxXEOrOKXxXxXxXKXX 
xxxxxxEOrKXKXXxXxxKKXx& 
xxxxEOrXXxXxXXxXxxXxxxx 
xx IrXxXXxXxxxxxxxxxx 
IrxxxXxXxXxXxXxXXXXXX XX 
TOrotretdrrtaratirrtritr st TiN 
Irertmdreiarrtrertrrtrrtrexrtwrerin 


HIGH Voltage Level 
= LOW Voltage Level 
Don’t Care 


ae es I OO OO eS 2 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vto+7.0 V 
“Input Voltage (dc) —0.5Vtot15V 
*tnput Current (dc) | —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either tnput Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


| SUPPLY VOLTAGE (Vcc) 


inchs a Ne ee 
9LS$151XC/74LS151XC 4.75 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD e 9LS151 (54LS/74LS151) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 
TYP MAX 
Guaranteed Input HIGH Threshold 
Voltage for Ail Inputs 


ag 
fo) 


Vin Input HIGH Voltage 


Guaranteed Input LOW Threshold 


input LOW Voltage 
? 7 Voltage for All Inputs 


< 
- 
i 
Os 
© 
~ 


< 
QO 
7) 


Input Clamp Diode Voltage Vec = MIN, ty = -18 mA 


x< 


M 
C 


XM,XC 


Vcc ed MIN, lOH = —400 UA 
Vin = Vin or Vip per Truth Table 


lot = 4.0 mA | Vcc = MIN, Vin = VIP or 


lo, = 8.0 mA | Vi, per Truth Table 


VOH Output HIGH Voltage 


Output LOW Voltage 


V 
V 


ED) 
Nilo 
| 
(@) 
= Wi W]e 
(o) Pippi an 
( ( No | © 7S er ( 
(@) on 


t 


ly Input HIGH Current 


Input LOW Current 


: Output Short Circuit 15 
OS Current (Note 5) 


mA Voc = MAX, Vix = 0.4 V 


Icc Power Supply Current mA Vcc = MAX 


— 


| 
Oo}; © 
fs —_ 
3 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ty = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta, = 25°C | 


LIMITS 
Sine) wanMeRes | ee arte eee ee 


tp_H Propagation Delay, 11 20 ns Fig. 1 
tout Select to Z Output 23 32 

tpLH Propagation Delay, 30 41 ns Fig. 2 

toy Select to Z Output 18 30 

tpLH Propagation Delay, ns Fig. 2 

tpHL Enable to Z Output Vcc =5.0V 
tpLH Propagation Delay, 22 33 Fig. 1 Cy = 15 pF 
tpy Enable to Z Output 18 27 

tpLH Propagation Delay, : 

tpHL Data to Z Output 


tpLH Propagation Delay, 18 26 ns Fig. 2 
tpyL Data to Z Output 15 23 
AC WAVEFORMS 
Vin 1.3V 1.3V VIN 1.3V 1.3V 
mn a Pe ne 
Vout 1.3V 1.3V VOUT 1.3V 1.3V 
Fig. 1 Fig. 2 


9LS152 (54LS/74LS152) 


8-INPUT MULTIPLEXER 


DESCRIPTION — The TTL/MSI 9LS152 (54LS152/74LS152) is a high speed 8-Input 
Digital Multiplexer. It provides, in one package, the ability to select one bit of data from 
up to eight sources. The 9LS152 can be used as a universal function generator to generate 
any logic function of four variables. It is supplied in FLATPAK only; for Dual In-line 
Package application use the 9LS151. 


SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

ON-CHIP SELECT LOGIC DECODING 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

FULLY TTL AND CMOS COMPATIBLE 
PIN NAMES LOADING (Note a) 

HIGH LOW 
So — S92 Select Inputs 0.5 ULL. 0.25 ULL. 
Io -—l7 Multiplexer Inputs 0.5 ULL. 0.25 ULL. 
Z Complementary Multiplexer Output 10 ULL. 5 (2.5) ULL. 
(Note b) 

NOTES: 


a. 1 TTL Unit Load (U. L.) = 40 uA HIGH/1.6 mA LOW. . 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


Binds 


Vcc = Pin 14 
GND= Pin 7 
© = Pin Numbers 


LOGIC SYMBOL 


2 1 #13 «12 «14 


lo In Ip Ig 1g '5 Ig ty 


Vcc = Pin 14 
GND=Pin 7 


CONNECTION DIAGRAM 
FLATPAK (TOP VIEW) 


Dot Indicates Pin 1 


FAIRCHILD e 9LS152 (54LS/74LS152) 


FUNCTIONAL DESCRIPTION — The 9LS151 is a logical implementation of a single pole, 8-position switch with the switch 
Position controlled by the state of three Select inputs, Sg, Sq, Sg. The logic function provided at the output is: 


Z = (I9°Sq°S4 “So +14 *So°S4 "So + lo*So°S4 "So + 19°Sg°Sq "S95 + 
I4*Sq°Sq "Sq + 15°Sq°S4*Sp + 1g*Sq°Sq "Sz + 17°Sq*S4*S9). 


The 9LS152 provides the ability, in one package, to select from eight sources of data or control information. 


TRUTH TABLE 
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Le ore ee LE ce oor eX 
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X 
L 
L 
L 
L 
L 
L 
Ls 
L 
H 
H 
H 
H 
H 
H 
H 
H 


HIGH Voltage Level 
LOW Voltage Level 
X = Don't Care 


it 


Pe 
Ul 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vto +15 V 
* Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (V 
PART NUMBERS 2 (Vcc) TEMPERATURE 


9LS152XC /74LS152XC 4.75 V 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD e 9LS152 (54LS/74LS152) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER alee MA UNITS TEST CONDITIONS 


BL eee Bae 
Guaranteed Input HIGH Threshold 
V Input HIGH Volt 2.0 V 
) XM 0.7 Guaranteed Input LOW Threshold 
| xc e fo pu 
Vep Input Clamp Diode Voltage | | 0.65 | 1.5 | Vv] Voc = MIN, ly =-18 mA 
XM 25 | 34 Voc = MIN, Ioy = 400 HA 
re ee ee ce, 
XM,XC 0.25 V Vcc = MIN, Vin = V 
Vor || Output Low vottage = L_XMxC | | 028 | 04 | vf tgp=40mal vec IN = Vin oF 
| Input HIGH C PT 2 voc” SIN 
npu urrent 
hie Input LOW Current 7 ff 04 | ma | Veg = MAX, Vy = 0.4 
Output Short Circuit St be AS ee eee eee te ee ec ae 
7 -15 ~100 |. mA” | Veg = MAX, Voyf= OV 


Current (Note 5) 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. ' 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. ; 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


| PARAMETER sce ES ) UNITS 


| Propagation Delay, 
Select to Z Output 


SYMBOL 


Propagation Delay, 


Data to Z Output 


Vout 1.3V 1.3V 


9LS153 (54LS/74LS153 ) 


DUAL 4-INPUT MULTIPLEXER 


DESCRIPTION — The LSTTL/MSI 9LS153 (54LS/74LS153) is a very high speed Dual 
4-Input Multiplexer with common select inputs and individual enable inputs for each 
section. It can select two bits of data from four sources. The two buffered outputs 
present data in the true (non-inverted) form. In addition to multiplexer operation, the 
9LS153 can generate any two functions of three variables. The 9LS153 is fabricated with 
the Schottky barrier diode process for high speed and is completely compatible with all 
Fairchild TTL families. 


e MULTIFUNCTION CAPABILITY 

e NON-INVERTING OUTPUTS 

e SEPARATE ENABLE FOR EACH MULTIPLEXER 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

e FULLY TTL AND CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

So Common Select Input 0.25 U.L. 
E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. 
Ig, I4 Multiplexer Inputs 0.5 U.L. 0.25 U.L. 
Z Multiplexer Output (Note b) 10 ULL. 5 (2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


loa It 


® © 


— bl 
ra 


zd, 


Voc = Pin 16 
GND=Pin 8 © 
© = Pin Numbers 


2, 
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LOGIC SYMBOL 


10 11 «12 «13 15 


loa ta '2a '3a'ob tb 'ab 3b Eb 


Vcc = Pin 16 
GND =Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD ¢ 9LS153 (54LS/74LS153) 


FUNCTIONAL DESCRIPTION — The 9LS153 is a Dual 4-Input Multiplexer fabricated with Low Power, Schottky barrier 
diode process for high speed. It can select two bits of data from.up to four sources under the control of the common Select 
Inputs (So, $1). The two 4-input multiplexer circuits have individual active LOW Enables (E., Ep) which can be used to 
strobe the outputs independently. When the Enables (E,, E,,) are HIGH, the corresponding outputs (Z,, Zp) are forced LOW. 


The 9LS$153 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined by the 
logic levels supplied to the two Select Inputs. The logic equations for the outputs are shown below. 


Z,=Ea* (log * $1 So tly + Sy * Sot laa * Sq * So + 134 * Sy * So) 
Zy=Ep° (lop * Sq > Sot lap: S4 . Sg t+ lap ° 34 *Sgtlap° Sq So) 
The 9LS153 can be used to move data from a group of registers to a common output bus. The particular register from which 


the data came would be determined by the state of the Select Inputs. A less obvious application is a function generator. The | 
9LS153 can generate two functions of three variables. This is useful for implementing highly irregular random logic. 


: TRUTH TABLE 
SELECT INPUTS INPUTS (a or b) OUTPUT 


aL Ee re os 
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= HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias | —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5 Vto +15 V 
*Input Current (de): | —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) . —0.5 V to +10 V 
Output Current (dc) (Output LOW) | +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


UPPLY VOLTAGE (V ; 


TYP 
9LS153XC/74LS153XC A75V | 5.25 V - 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD ¢ 9LS153 (54LS/74LS153) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


Y UNITS TEST CONDITIONS 


SYMBOL PARAMETER A 


Guaranteed Input HIGH Threshold 


Vin Input HIGH Voltage 
Voltage for All Inputs 


pe 


x 
<= 


Guaranteed Input LOW Threshold 


V Input LOW Voltage 
IL Pp g Voltage for All Inputs 


< 
. x< 


Oo 
N 


< 


—0.65 1.5 
3.4 
3.4 


0.25 
0.35 


< 
oO 
0 


Input Clamp Diode Voltage Voc = MIN, |inq = -18 mA 
Vcc = MIN, lOH = —400 MA 


Vin = Ving or Vip per Truth Table 


V lol = 4.0 mA j Vcc = MIN, Vin = VIH or 
V lot = 8-0 mA | Viz per Truth Table 


Vcc — MAX, VIN =2.7V 
mA Vcc = MAX, VIN =10V 


XM 
C 


XM,XC 


2.5 


Output HIGH Voltage 
2.7 


VOL Output LOW Voltage 


< 
oO 
=x 
i 
O i 


0.5 
2 


x 


Ny Input HIGH Current 


© 
.~ 


Input LOW Current —0.36 mA Voc = MAX, Vin = 0.4 V 


a 
o) 


Output Short Circuit 
OS Current (Note 5) 


ns 
o1 


A Vec = MAX, VOUT =OV 


lec Power Supply Current mA Vcc = MAX 


o> am 
io) 


= 
i) 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta, = 25°C 


LIMITS 
TYP 


NITS 
os ae el 


SYMBOL 


'PLH 


Propagation Delay 
Select to Output 


AC WAVEFORMS 


Vout 1.3V 1.3V VouT Lov 1.3V 


Fig. 1 Fig. 2 
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9LS155 (54LS/74LS155) 
9LS156 (54LS/74LS156) 


DUAL 1-OF-4 DECODER/DEMULTIPLEXER 
(9LS156 HAS OPEN COLLECTOR OUTPUTS) 


DESCRIPTION — The LSTTL/MSI 9LS155 (54LS/74LS155) and 9LS156 (54LS/ 
74LS156) are high speed Dual 1-of-4 Decoder/Demultiplexers. These devices have two 
decoders with common 2-bit Address inputs and separate gated Enable inputs. Decoder 
“‘a’’ has an Enable gate with one active HIGH and one active LOW input. Decoder “’b’”’ has 
two active LOW Enable inputs. If the Enable functions are satisfied, one output of each 
decoder will be LOW as selected by the address inputs. The 9LS156 has open collector 
outputs for wired-OR (DOT-AND) decoding and function generator applications. 


The 9LS155 and 9LS156 are fabricated with the Schottky barrier diode Process for high 
speed and are completely compatible with all Fairchild TTL families. 


SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

COMMON ADDRESS INPUTS 

TRUE OR COMPLEMENT DATA DEMULTIPLEXING 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 


LOGIC SYMBOL 


Ag, Ay Address !nputs 0.25 U.L. 

E.. Eb Enable (Active LOW) Inputs 0.25 U.L. 

E. Enable (Active HIGH) Input 0.25 U.L. 

Op — 03 Active LOW Outputs (Note b) 10 ULL. 5 (2.5) ULL. CONNECTION DIAGRAM 
oTke DIP (TOP VIEW) 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The HIGH level drive for the 9LS156 must be established by an external 
resistor. 


LOGIC DIAGRAM | 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 


FAIRCHILD e 9LS155 (54LS/74LS155) e 9LS156 (54LS/74LS156) 


FUNCTIONAL DESCRIPTION — The 9LS155 and 9LS156 are Dual 1-of-4 Decoder/Demultiplexers with common Address 
inputs and separate gated Enable inputs. When enabled, each decoder section accepts the binary weighted Address inputs (Ao, 
A) and provides four mutually exclusive active LOW outputs (Og—03). If the Enable requirements of each decoder are not 
met, all outputs of that decoder are HIGH. 


ar Lad 


Each decoder section has a 2-input. enable gate. The enable gate for Decoder requires one active HIGH input and one 
active LOW input (E, -E gq). In demultiplexing applications, Decoder ‘‘a’’ can accept either true or complemented data by 
using the E, or E, nplte respectively. The enable gate for Decoder My" requires two active LOW inputs (E,, * E,). The 
9LS155 or 9LS156 can be_used as a 1-of-8 Decoder/Demultiplexer by tying E, to Ey, and relabeling the common connection 
as (Aj). The other Ej, and E, are connected together to form the common enable. 


The 9LS155 and 9LS156 can be used to generate all four minterms of two variables. These four minterms are useful in some 
applications replacing multiple gate functions as shown in Fig. a. The 9LS156 has the further advantage of being able to AND 
the minterm functions by tying outputs together. Any number of terms can be wired-AND as shown below. 


f=(E+Agt+ Ay) *(E+Agt+A;) + (E+ Ag+ Aq) + (E+Ag +A) 
where E=E,+E,;E=E,+&,, 


TRUTH TABLE 


fe fe 8/8 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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FAIRCHILD ¢ 9LS155 (54LS/74LS155) e 9LS156 (54LS/74LS156) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) © 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias | i —55°C to +125°C 
Vcc Pin Potential to Ground Pin — ~ —0.5 V to +7.0 V 
*Input Voltage (dc). | | —0.5 V to +15 V 
*Input Current (dc) | ; | —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) ; —0.5Vto+t10V 
Output Current (dc) (Output LOW) | : +50 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBERS SURELY NOEIAGE Vcc! TEMPERATURE 

LS 

9LS155XM /54LS155XM er P 

91S156XM /54LS156XM 45 V 5.0V 5.5 V 55°C to +125°C 

9LS155XC /74LS155XC | Ss : 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


eg 
co) 


Vid Input HIGH Voltage 


Oo 
SN 


ale] 
: > 
x< 


Guaranteed Input LOW Threshold 


Input L Volt 
VIL nput LOW Voltage Voltage for All Inputs 


be 
O;s 


Input Clamp Diode Voltage 


< 
2) 
oO 


Vec = MIN, in =-18 mA 
Vec = MIN, lOH = —400 LMA 
Vin = Vin or Viz per Truth Table 


Vcc = MIN, VOH =55V 
Vin = Vip or Vii per Truth Table 


V Io, = 4.0 mA | Vcc = MIN, Vin = Vin oF 
V lo, = 8.0 mA} Vi, per Truth Table 


UA Vec = MAX, VIN =2.7V 
A Voc = MAX, Vin = 10 V 


M 
C 


2.5 
2.7 


3.4 
3.4 


Output HIGH Voltage 
9LS155 Only 


Output HIGH Current 
9LS156 Only 


< 

1) 

zm 
be 


oe} 
r 


0.4 
0.5 


XM,XC 0.25 


Output LOW Voltage 
0.35 


< 
©) 
i 
FE 
oO 


io) 


0 
—_ 
oi 


Input HIGH Current 


=| 


Ne Input LOW Current —0.36 


ey = 
7) 
| 
a 
o 


Output Short Circuit 


—100 A Var = MAX, V =OV 
Current (Note 5) CC OUT 


lec Power Supply Current 


o 


A Vec = MAX 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


FAIRCHILD ¢ 9LS155 (54LS/74LS155) ¢ 9LS156 (54LS/74LS156) 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 


SYMBOL PARAMETER 


Propagation Delay, : 16 
E, or E, to Output 


AC WAVEFORMS 
Vin 1.3V 1.3.V VIN 1.3V 1.3V 
on a pe ain 
Vout 1.3V 1.3V Vout 1.3V 1.3V 
Fig. 1 Fig. 2 
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9LS157 (54LS/74LS157) 
QUAD 2-INPUT MULTIPLEXER 


DESCRIPTION — The LSTTL/MSI 9LS157 (54LS/74LS157) is a high speed Quad LOGIC SYMBOL 
2-Input Multiplexer. Four bits of data from two sources can be selected using the 
common Select and Enable inputs. The four buffered outputs present the selected data in 
the true (non-inverted) form. The 9LS157 can also be used to generate any four of the 16 
different functions of two variables. The 9LS157 is fabricated with the Schottky barrier 
diode process for high speed and is completely compatible with all Fairchild TTL 
families. 

15 2 3 5 6 14 13 11 10 


SCHOTTKY PROCESS FOR HIGH SPEED 
MULTIFUNCTION CAPABILITY F '0a 1a '0b '1b '00 "te lod Ha 
NON-INVERTING OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 

S Common Select Input ‘ 0.5 U.L. 

E Enable (Active LOW) Input 1.0 U.L. 0.5 ULL. 

loa — loa Data Inputs from Source 0 0.5 U.L. 0.25 U.L. 

4a N41 Data Inputs from Source 1 0.5 U.L. 0.25 U.L. Vec =Pin 16 
Z,—2y Multiplexer Outputs (Note b) 10 ULL. 5 (2.5) ULL. GND =Pin 8 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 


CONNECTION DIAGRAM 
Temperature Ranges. | DIP (TOP VIEW) 


LOGIC DIAGRAM 


ttn 
JUUOUL 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vec = Pin 16 
GND=Pin 8 
Zq © = Pin Numbers 
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FAIRCHILD ¢ 9LS157 (54LS/74LS157) 


FUNCTIONAL DESCRIPTION — The 9LS157 is a Quad 2-Input Multiplexer fabricated with the Schottky barrier diode 
process for high speed. !t selects four bits of data from two sources under the control of a common Select Input (S). The 
Enable Input (E) is active LOW. When E is HIGH, all of the outputs (Z) are forced LOW regardless of all other inputs. 


The 9LS157 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined by the 
logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 


Z,= E+ (Iqq°Stlg° S) Zp= E+ (yp Stlgp: S) 
Zo= E+ (ye* Stage * §) Zq= E+ (lyg* Stlog°S) 


A common use of the 9LS157 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The 9LS157 can generate any four of the 16 different functions of two variables with one variable 
common. This is useful for implementing highly irregular logic. 


TRUTH TABLE 


SELECT 
INPUT INPUTS 


pt! 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5Vtot+7.0V 
“Input Voltage (dc) —0.5Vtot+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto+10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PPLY VOLTAGE (V 
PART NUMBERS oe On On We TEMPERATURE 


MAX 


a ee eee eee eee, 
9LS157XC /74LS157XC 4.75 V 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD ¢ 9LS157 (54LS/74LS157) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


Soeee aie Luis 


Vin Input HIGH Voltage 2.0 


XM 
XC 


Vep Input Clamp Diode Voltage 

Vc Output HIGH Volt =. 
utpu oltage 

VoL Output LOW Voltage 


Input HIGH Current 
lo I 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Input LOW Voltage 


Voc = MIN, ly = -18 mA 
Vec _ MIN, lOH = —400 LA 
VIN = Vin or Vit per Truth Table 


Vv loL = 4.0 mA | Vcc = MIN, Vin = Vin oF 
V lok:= 8.0 mA | Vy per Truth Table 


iF 
Os 
x 
e) 


E Ss Vcc = MAX, VIN =2.7V 
lH Input HIGH Current at MAX . 
Input Voltage 
lo, | Z = 
2’ mA | Veo = MAX, Vin = 10 V 
Input LOW Current 
| In, | at = 
IL ae mA Voc = MAX, Vin = 0.4 V 
, Output Short Circuit 45 mA Ven = MAX. V oy 
OS Current (Note 5) CC SOUT 
ice Power Supply Current Ff 98.7 | 16 | mA | Veg = MAX 
NOTES: | 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vac = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
PARAMETER UNITS 
Propagation Delay 26 
Select to Output 
Propagation Delay, 
Enable to Output . 


SYMBOL 


tPLH 


Vout 1.3V 1.3V Vout 1.3V 1.3V 


Fig. 1 Fig. 2 
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9LS158 (54LS/74LS158) 
QUAD 2-INPUT MULTIPLEXER 


DESCRIPTION — The LSTTL/MSI 9LS158 (54LS/74LS158) is a high speed Quad LOGIC SYMBOL 
2-Input Multiplexer. It selects four bits of data from two sources using the common 
Select and Enable inputs. The four buffered outputs present the selected data in the 
inverted form. The 9LS158 can also generate any four of the 16 different functions of 
two variables. The 9LS158 is fabricated with the Schottky barrier diode process for high 
speed and is completely compatible with all Fairchild TTL families. 


1413 11 10 
SCHOTTKY PROCESS FOR HIGH SPEED 
MULTIFUNCTION CAPABILITY loa ta 'ob tab loc Mc) od Nd 
INVERTED OUTPUTS 


INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 
S Common Select Input : 0.5 ULL. 
E Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 
loa —'od Data Inputs from Source 0 0.5 ULL. 0.25 U.L. 
l4a—ltq Data Inputs from Source 1 0.5 U.L. 0.25 U.L. 
Zo —2y Inverted Outputs (Note b) 10 U.L. 5 (2.5) ULL. Vcc = Pin 16 
GND =Pin 8 
NOTES: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) CONNECTION DIAGRAM 


Temperature Ranges. 


DIP (TOP VIEW) 


LOGIC DIAGRAM 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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FAIRCHILD e 9LS158 (54LS/74LS158) 


FUNCTIONAL DESCRIPTION — The 9LS158 is a Quad 2-Input Multiplexer fabricated with the Schottky barrier diode 
process for high speed. It selects four bits of data from two sources under the control of a common Select Input (S) and 
presents the data in inverted form at the four outputs. The Enable Input (E) is active LOW. When E is HIGH, all of the 
outputs (Z) are forced HIGH regardless of all other inputs. 


The 9LS158 is the logic implementation of a 4- -pole, 2- -Position switch ware the Besoin of the switch is determined by the 
logic levels supplied to the Select Input. 


A common use of the 9LS158 is the moving of data from two groups of registers to four common output busses. The 
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a 
function generator. The 9LS158 can generate four functions of two variables with one variable common. This is useful for 
implementing gating functions. 


TRUTH TABLE 


SELECT 
INPUT INPUTS OUTPUT 


ae 
Xx 
L 
L 
H 


ENABLE 


H 
H = HIGH Voltage Level 
LOW Voltage Level — 
X = Don’t Care 


I~ 
It 


ABSOLUTE MAXIMUM RATINGS AeaNe which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
_ Temperature (Ambient) Under Bias —55 C to +125°C 
Vcc Pin Potential to Ground Pin | — -0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


| SUPPLY VOLTAGE (V 
PART NUMBERS = (Vcc) TEMPERATURE 


TYP 


a wR 
9LS158XC/74LS158XC A.75V 5.25 V O°C to + 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD © 9LS158 (54LS/74LS 158) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER 


UNITS TEST CONDITIONS 


V Input HIGH Volt Guaranteed Input HIGH Voltage 
oltage 
cs a = for All Inputs 


y Guaranteed Input LOW Voltage 
for All Inputs 


VIL 
Vcep Vec = MIN, NN =-18mMmA 
Vv Vec = MIN, lOH = —400 MA 

OH Vin = Vin or Vip per Truth Table 
y V lo: = 4.0 MA} Vcc = MIN, Vin = Vin or 

OL lo, = 8.0 MA} Vy, per Truth Table 

Input HIGH Current 
lo, | = = 


Input HIGH Current at MAX 
Input Voltage 


lo I 
E,S 


3 


Input LOW Current 
He lo ty 


ES 
Output Short Circuit 
OS Current (Note 5) 
Icc Power Supply Current 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


Vec = MAX, VIN =O04V 


3 


3 | 


A Vec = MAX 


AC CHARACTERISTICS: Ta = 25°C 


eemiee ie 


MITS 
Propagation Delay 
Select to Output 


SYMBOL 


tPLH 


Vout 1.3V 1.3V Vout 1.3V 1.3V 


Fig. 1 Fig. 2 
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9LS160(54LS/74LS160) « 9LS161(54LS/74LS161) 
9LS162(54LS/74LS162) ¢ 9L$163(54LS/74LS163) 
BCD DECADE COUNTERS 4-BIT BINARY COUNTERS 


DESCRIPTION — The 9LS160/161/162/163 are high-speed 4-bit synchronous counters. 
They are edge-triggered, synchronously presettable, and cascadable MSI building blocks 
for counting, memory addressing, frequency division and other applications. The 9LS160 
and 9LS162 count modulo 10 (BCD). The 9LS161 and 9LS163 count modulo 16 
(binary.) 


LOGIC SYMBOL 


The 9LS160 and 9LS161 have an asynchronous Master Reset (Clear) input that overrides, 
and is independent of, the clock and all other control inputs. The 9LS162 and 9LS163 | 
have a Synchronous Reset (Clear) input that overrides all other control inputs, but is are Po Py Po Pg 


active only during the rising clock edge. nee 


BCD (Modulo 10) 


9LS160 
9LS162 


Binary (Modulo 16) oe Qg Q, Qy Og | 


9LS161 
9LS163 


Asynchronous Reset 


Synchronous Reset 1 14 13°12 11 


® SYNCHRONOUS COUNTING AND LOADING 
@ TWO COUNT ENABLE INPUTS FOR HIGH SPEED SYNCHRONOUS EXPANSION | Voc = Pin 16 
@ TERMINAL COUNT FULLY DECODED GND =Pin 8 
@® EDGE-TRIGGERED OPERATION 
@ TYPICAL COUNT RATE OF 35 MHz 
@® FULLY TTL AND CMOS COMPATIBLE 
*MR for 9LS160 and 9LS161 
PIN NAMES | LOADING (Note a) *SR for 9LS162 and 9LS163 
PE Parallel Enable (Active LOW) Input 0.6 ULL. 0.3 ULL. 
Po9-P3 Parallel Inputs 0.5 ULL. 0.25 ULL. 
CEP Count Enable Parallel Input 0.6 U.L. 0.3 ULL. CONNECTION DIAGRAMS | 
CET Count Enable Trickle Input 1.0 ULL. 0.5 ULL. DIP (TOP VIEW) 
CP Clock (Active HIGH Going Edge) Input 0.6 U.L. 0.3 ULL. 
MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 ULL. 
SR Synchronous Reset (Active LOW) Input 0.5 ULL. 0.25 U.L. 
Q9-03 Parallel Outputs (Note b) 10 ULL. 5 (2.5) ULL. 
TC Terminal Count Output (Note b) 10 ULL. 5 (2.5) ULL. 


NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commerical (XC) 
Temperature Ranges. 


STATE DIAGRAM 


9LS160 e 9LS162 9LS161 e 9LS163 LOGIC EQUATIONS 
Count Enable = CEP @CET @PE 
TC for 9LS160 & 9LS162 = CET ©0990, 005003 
TC for 9LS161 & 9LS163 = CET ©0900, 005003 
Preset = PE @ CP+ (rising clock edge) 
Reset = MR (9LS160 & 9LS161) 


*MR for 9LS160 and 9LS161 
*SR for 9LS162 and 9LS163 


Reset = SR @ CP+ (rising clock edge) 
(9LS162 & 918163) 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 


NOTE: Dual In-Line Package. 


The 9LS160 and 9LS162 can be preset to any state, but will not count beyond 9. If preset 
to state 10, 11, 12, 13, 14, or 15, it will return to its normal sequence within two clock pulses. 
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FAIRCHILD ¢ 9LS160 e 9LS161 © 9LS162 e 9LS163 


FUNCTIONAL DESCRIPTION — The 9LS160/161/162/163 are 4-bit synchronous counters with a synchronous Parallel 
Enable (Load) feature. These counters consist of four edge-triggerd D flip-flops with the appropriate data routing networks 
feeding the D inputs. All changes of the OQ outputs (except due to the asynchronous Master Reset in the 9LS160 and 9LS161) 
occur as a result of, and synchronous with, the LOW to HIGH transition of the Clock input (CP). As long as the set-up time 
requirements are met, there are no special timing or activity constraints on any of the mode control or data inputs. 


Three control inputs — Parallel Enable (PE), Count Enable Parallel (CEP) and Count Enable Trickle (CET) — select the mode 
of operation as shown in the tables below. The Count Mode is enabled when the CEP, CET, and PE inputs are HIGH. When 
the PE is LOW, the counters will synchronously load the data from the parallel inputs into the flip-flops on the LOW to 
HIGH transition of the clock. Either the CEP or CET can be used to inhibit the count sequence. With the PE held HIGH, a 
LOW on either the CEP or CET inputs at least one set-up time prior to the LOW to HIGH clock transition will cause the 
existing output states to be retained. The AND feature of the two Count Enable inputs (CETeCEP) allows synchronous 
cascading without external gating and without delay accumulation over any practical number of bits or digits. 


The Terminal Count (TC) output is HIGH when the Count Enable Trickle (CET) input is HIGH while the counter is in its 
maximum count state (HLLH for the BCD counters, HHHH for the Binary counters). Note that TC is fully decoded and will, 
therefore, be HIGH only for one count state. 


The 9LS160 and 9LS162 count modulo 10 following a binary coded decimal (BCD) sequence. They generate a TC output 
when the CET input is HIGH while the counter is in state 9 (HLLH). From this state they increment to state O (LLLL). If 
loaded with a code in excess of 9 they return to their legitimate sequence within two counts, as explained in the state 
diagram. States 10 through 15 do not generate a TC output. 


The 9LS161 and 9LS163 count modulo 16 following a binary sequence. They generate a TC when the CET input is HIGH 
while the counter is in state 15 (HHHH). From this state they increment to state 0 (LLLL). 


The Master Reset (MR) of the 9LS160 and 9LS161 is asynchronous. When the MR is LOW, it overrides all other input 
conditions and sets the outputs LOW. The MR pin should never be left open. If not used, the MR pin should be tied through 
a resistor to Vcc, or to a gate output which is permanently set to a HIGH logic level. 


The active LOW Synchronous Reset (SR) input of the 9LS162 and 9LS163 acts as an edge-triggered control input, overriding 
CET, CEP, and PE, and resetting the four counter flip-flops on the LOW to HIGH transition of the clock. This simplifies the 
design from race-free logic controlled reset circuits, e.g., to reset the counter synchronously after reaching a predetermined 
value. 


MODE SELECT TABLE 


CEP Action on the Rising Clock Edge (_I” ) 


RESET (Clear) 
LOAD (P, > Q,) 


COUNT (Increment) 
NO CHANGE (Hold) 
NO CHANGE (Hold) 


*For the 9LS162 and 9LS163 only. 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to+7.0 V 
“Input Voltage (dc) —0.5Vto+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Enter Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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FAIRCHILD « 9LS160 e 9LS161 ¢ 9LS162 e 9LS163 


GUARANTEED OPERATING RANGES 


| | SUPPLY VOLTAGE(V---) 
eae eee. 
TYP MAX MES ATU 


9LS160XM/54LS160XM 9LS161XM/54LS161XM ees 0 
9LS162XM/54LS162XM 9LS163XM/54LS163XM gamed bie adie cia ada nace ils 


9LS160XC/74LS160XC 9LS161XC/74LS161XC 3 F 
9LS162XC/74LS162XC . 9LS163XC/74LS163XC eee 2M So pone eee 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER MAX UNITS TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH Voltage 
Vin Input HIGH Voltage 2.0 ‘ g 


for All Inputs 
XM 
VIL Input LOW Voltage XM 


Veo input Clamp Diode Voltage 


Guaranteed Input LOW Voltage ' 
for All Inputs 


Pease Voc = MIN, ly =—18 mA 


Vcc = MIN, lou = —400 LA 


joes 
4 
Lae! 
‘ Sucre veins : 
XM,XC 0.25 0.4 Vv lo. = 4.0 mA | Vcc = MIN, Vin = Vin or 
Vo. || Output Low Voltage | —XMxe_| | 0.26 | o4 |v | to=40mal voc IN = VIH © 
Input HIGH Current __ | 
Po — Pz, MR, SR 20 
PE, CEP, CP 24 uA Vec = MAX, Vin = 2.7 V 
CET 40 
NH 
0.1 mA Vcc = MAX, VIN =10V 
0.2 
Input LOW Current __ 
Po P3, MR, SR . 
Ne PE, CEP, CP mA Vec = MAX, Vin = 0.4 V 
CET ; 
Output Short Circuit 
| A Ver = MAX, V =OV 
iccH Power Supply Current 7S mA Veco = MAX 
CCL 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’ values normally occur at the temperature 
and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

4. Typical limits are at Vcec¢ = 5:0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


FAIRCHILD e 9LS160 e 9LS161 e 9LS162 ¢ 9LS163 


AC CHARACTERISTICS: Ty = 25°C (These parameters apply to all four devices unless otherwise noted) 


| LIMITS 
SYMBOL PARAMETER [MIN UNITS TEST CONDITIONS 
tpLH Turn Off Delay CP to Q 13 
tpy Turn On Delay CP to OQ 18 27 

tpLH os Off seal CP to bs 15 22 ae Fig. 4 7 

tpHL urn On Delay CP to TC 14 21 Vcc = 5.0 V 
tpHL Turn On Delay MR to Q 


tpLH Turn Off Delay CET to TC 14 = Fig. 3 C,= 15 pF 
tpHL Turn On Delay CET to TC 23 


AC SET-UP REQUIREMENTS: Ta = 25°C 


LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 
Recovery Time for MR ; 
trec (9LS160 and 9LS161 Only) oo big 


— Master Reset Pulse Width | 
twMRIL) | (9LS160 and 9L$161 Only) 
tyyCP(H) Clock Pulse Width (HIGH) 15 
ty/CP(L) Clock Pulse Width (LOW) 25 
t,(H) Set-Up Time (HIGH), Data to Clock 20 
t.(L) Set-Up Time (LOW), Data to Clock 20 


t,(H) Hold Time (HIGH), Data to Clock 3.0 
th(L) Hold Time (LOW), Data to Clock 3.0 


t.(H) Set-Up Time (HIGH), PE or SR to Clock 20 
t,(L) Set-Up Time (LOW), PE or SR to Clock 20 
ty(H) Hold Time (HIGH), PE or SR to Clock 

t,(L) Hold Time (LOW), PE OR SR to Clock 

t,(H) Set-Up Time (HIGH), CE to Clock 20 
tg(L) Set-Up Time (LOW), CE to Clock 20 
t,(H) Hold Time (HIGH), CE to Clock 

tr(L) Hold Time (LOW), CE to Clock 


DEFINITION OF TERMS: 
SET-UP TIME (t.) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (tp) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (trec) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 


AC WAVEFORMS 
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, MASTER RESET 
COUNT FREQUENCY, AND CLOCK PULSE WIDTH. PULSE WIDTH, AND MASTER RESET RECOVERY TIME. 
— tw 
MR 1.3V 
Other Conditions: eo Other Conditions: 

PE = MR (SR) =H PE=L 

CEP = CET=H 1.3V Po =P, =P2=P3=H 
cP 


Fig. 1 Fig. 2 
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FAIRCHILD 9LS160 e 9LS161 ¢e 9LS162 e 9LS163 
AC WAVEFORMS (Cont'd) 


COUNT ENABLE TRICKLE INPUT 
TO TERMINAL COUNT OUTPUT DELAYS 


The positive TC pulse occurs when the outputs are in the (Og @ Qye 
Q> @ 3) state for the 9LS160 and 9LS162 and the (Qo © Qy e O07 Q3) 
state for the 9LS161 and 9LS163. 


Other Conditions: CP = PE = CEP = MR =H 
Fig. 3 


CLOCK TO TERMINAL COUNT DELAYS. 


The positive TC pulse is coincident with the output state (Qo Qi e 
Q @ Q3) for the 9LS161 and 9LS163 and (Qg © Q; @ Qz @ Q3) for the 
9LS161 and 9LS163. 


i Other Conditions: PE = CEP = CET=MR=H 
Fig. 4 


SET-UP TIME (t,) AND HOLD TIME (tp) 
FOR PARALLEL DATA INPUTS. 


cP 1.3V 


Pg. Py, Po, Pg 


Og, 24,05, 
The shaded areas indicate when the input is permitted to change for / \ 


predictable output performance. 


Fig. 5 Other Conditions: PE =L,MR=H 


SET-UP TIME (t,) AND HOLD TIME (ty) 
FOR COUNT ENABLE (CEP) AND (CET) 
AND PARALLEL ENABLE (PE) INPUTS. 


The shaded areas indicate when the input is permitted to change for 
predictable output performance. 


cP 1.3 V 1.3V 1.3V 


ts(L) 
thi) =0 tht) =0 


AT 


CET 


PARALLEL LOAD COUNT MODE COUNT HOLD HOLD 
(See Fig. 5) (See Fig. 7) 
RESET COUNT OR LOAD 
Fig. 6 Fig. 7 
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9LS164 (54LS/74LS164} 
SERIAL-IN PARALLEL-OUT SHIFT REGISTER 


DESCRIPTION — The 9LS164 (54LS/74LS164) is a high speed 8-Bit Serial-In 
Parallel-Out Shift Register. Serial data is entered through a 2-Input AND gate 
synchronous with the LOW to HIGH transition of the clock. The device features ‘an 
asynchronous Master Reset which clears the register setting all outputs LOW independent 
of the clock. It utilizes the Schottky diode clamped process to achieve high speeds and is 
fully compatible with all Fairchild TTL products. 


LOGIC SYMBOL 


9LS164 
8-BIT SHIFT REGISTER 


cP 
MR Q9 Q, Qy Qg Qy Ag Ag Qy 


i, gy, 
dif 6 10 11 12 13 


e TYPICAL SHIFT FREQUENCY OF 35 MHz 4 e 
e ASYNCHRONOUS MASTER RESET a a, \ 7 Vcc = Pin 14 
e GATED SERIAL DATA INPUT rn \ git “Uyytl?” GND=Pin 7 
e FULLY SYNCHRONOUS DATA TRANSFERS nt Oo he 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TEBMINGY ON BFFECTS 
e FULLY TTL AND CMOS COMPATIBLE * ‘ ( dl CONNECTION DIAGRAM 
& \ \\ ‘ ad DIP (TOP VIEW) 
wy a 
OA 
oe . 
¢ 1 — - : 
yyy oe ie 
ot ( 
=. 
PINNAMES % LOADING (Note a) 
A,B Data Inputs : A ie 0.25 U.L. 
CP Clock (Active HIGH Going 0.5 ULL. 0.25 U.L. 
Edge) Input 
MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 ULL. 
Qo — Q7 Outputs (Note b) 10 U.L. 5(2.5) U.L. 
NOTE: 
NOTES: The Flatpak version has the same 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. pinouts (Connection Diagram) as the 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) Dual In-Line Package. 


Temperature Ranges. 


| LOGIC DIAGRAM 


a eee ene 


— CAAA ft 


Vec = Pin 14 
GND=Pin 7 
O = Pin Numbers 
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FAIRCHILD © 9LS164 (54LS/74LS164) 


FUNCTIONAL DESCRIPTION — The 9LS164 is an edge-triggered 8-bit shift register with serial data entry and an output 
from each of the eight stages. Data is entered serially through one of two inputs (A or B); either of these inputs can be used as 
an active HIGH Enable for data entry through the other input. An unused input must be tied HIGH, or both inputs 


connected together. 


Each LOW-to-HIGH transition on the Clock (CP) input shifts data one place to the right and enters into Qo the logical AND 
of the two data inputs (A°B) that existed before the rising clock edge. A LOW level.on the Master Reset (MR) input overrides 


all other inputs and clears the register asynchronously, forcing all Q outputs LOW. 


MODE SELECT — TRUTH TABLE 


OPERATING . INPUTS OUTPUTS 


L (1) = LOW Voltage Levels 

H (h) = HIGH Voltage Levels 

X = Don’t Care 

An = Lower case letters indicate the state of the referenced input or 
output one set-up time prior to the LOW to HIGH clock 
transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
Vcc Pin Potential to Ground Pin 
*Input Voltage (dc) 
* Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 


*Ejither Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
P 


5.0 V 
5.0 V 


PART NUMBERS 


9LS164XM/54LS164XM 45 V 
9LS164XC /74LS164XC 4.75 V 


5.5 V 
5.25 V 


I 
> 
x< 


—65°C to +150°C 
—55°C to +125°C 
—0.5 V to +7.0 V 
—0.5Vtot+15V 
—30 mA to +5.0 mA 
—0.5Vto +10 V 
+50 mA 


TEMPERATURE 


—55°C to +125°C 
O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD ¢ 9LS164 (54LS/74LS164) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


A 
Guaranteed Input HIGH Voltage 


V | t HIGH Volt 
lH ia : onnge for All Inputs 


_ 
3/5 
win 


Guaranteed Input LOW Voltage 


Input LOW Voltage 
p g for All Inputs 


< 
- 
x | x< 
i 


< 
2) 
Oo 


Input Clamp Diode Voltage Vec = MIN, lin = -18 mA 


Vec = MIN, | = —400 vA 
Output HIGH Voltage CC OH u 


Xx 
Output LOW Voltage 


Vin = Vin or Vip per Truth Table 


0.4 Vv IoL = 4.0 mA| Vcc = MIN, Vin = Vin or 
: V loy = 8-0 mA] Vi, per Truth Table 


A Vec = MAX, VIN =O04V 


< 
Oo 
= 
x) xX 
_ 
N[ nN 
NL a 
Ww} w 
A; A 
= 
Oo 
~N x< 


; 
?) 
al iy 
oO 
E 
Ww 
a 


ah 
[e>) 
Sw 


Ne 
Oo 
~ 

> 


NH Input HIGH Current 


3 


Ne Input LOW Current 


Output Short Circuit 


Current (Note 5) mA Vcc = MAX, Vout = 9 V 


Power Supply Current 


| V = 
a (Note 6) ie ce ee 


| 
aS 


oy 
a 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘worst case’’ values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 

operating ranges. 

Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at a time. 

Icc is measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V applied to clear. 


Oo > 


AC CHARACTERISTICS: Ta = 25°C 


SYMBOL PARAMETER eas 


Maximum Clock Frequency 


Propagation Delay, Positive- 
Going Clock to Outputs 


Propagation Delay, Negative- 
Going MR to Outputs 


AC SET-UP REQUIREMENTS: Ty, = 25°C 


LIMITS 
SYMBOL PARAMETER | TEST TION 
— ee 
ty Set-Up Time, A or B Input to 
Positive-Going CP 


; — 
or oO 


th Hold Time, A or B Input to 
Positive-Going CP 


N 
© 


tyyCP(L) | CP Pulse Width (LOW) 
tywMR(L) | MR Pulse Width (LOW) 


trec Recovery Time, Positive-Going 
MR to Positive-Going CP 


No 
e) 


NO 


FAIRCHILD ¢ 9LS164 (54LS/74LS164) 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


- MASTER RESET PULSE WIDTH, 
CLOCK TO OUTPUT DELAYS: MASTER RESET TO OUTPUT DELAY AND 
AND CLOCK PULSE WIDTH MASTER RESET TO CLOCK RECOVERY TIME 


/tmax MR 
1/f rox | 
2 oa ne ioneeni 
cP tw sal 
Leal aoe 
CONDITIONS: MR=H | fev 


Fig. 1 Fig. 2 


DATA SET-UP AND HOLD TIMES 


Fig. 3 
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9LS170 (54LS/74LS170) 
4x4 REGISTER FILE (O/C) 


DESCRIPTION — The TTL/MSI 9LS170 (54LS/74LS170) is a high-speed, low-power 
4 x 4 Register File organized as four words by four bits. Separate read and write inputs, 
both address and enable, allow simultaneous read and write operation. 


LOGIC SYMBOL 


Open collector outputs make it possible to connect up to 128 outputs in a wired-AND 
configuration to increase the word capacity up to 512 words. Any number of these 
devices can be operated in parallel to generate an n-bit length. 


The 9LS670 (54LS/74LS670) provides a similar function to this device but it features 


3-state outputs. 
D1 D2 03 Da 


Q;] Q2 Ag Q4 


SIMULTANEOUS READ/WRITE OPERATION 
EXPANDABLE TO 512 WORDS OF n-BITS 
TYPICAL ACCESS TIME OF 20 ns 

LOW LEAKAGE OPEN-COLLECTOR @ 
TYPICAL POWER DISSIPATION 


R EXPANSION 


Vec = Pin 16 
GND = Pin 8 


PIN NAMES LOADING (Note a) CONNECTION DIAGRAM 
HIGH LOW DIP (TOP VIEW) 

D1-D4q Data Inputs 0.5 ULL. 0.25 ULL. 

Wa, Wp Write Address Inputs 0.5 ULL. 0.25 U.L. 

Ew Write Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 

Ra, Rp Read Address Inputs 0.5 ULL. 0.25 ULL. 

Er Read Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 


Q1-Q4 Outputs (Note b) Open Collector 5(2.5) ULL. 


NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5.0 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive must be supplied by an external resistor to Vcc. 


NOTE: 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 
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FAIRCHILD @ 9LS170 (54LS/74LS1 70) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot+10V 
Output Current (dc) (Output LOW) | +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBERS TEMPERATUR 
: a OL apnea 
9LS170XC /74LS170XC 4.75 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER 
Vi Input HIGH Voltage 2.0 


XM 
Vib input LOW Voltage 
XC 


Vep Input Clamp Diode Voltage 


IOH Output HIGH Current 


XM,XC 


am 
= 
+ 
17) 


el Tt fee LT 


TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


ie) 
~w 


OOlp pn Nh ¢ 
NM =10 0 os 


Guaranteed Input LOW Voltage 
for All Inputs 


V Vec = MIN, IN =-18 mA 
VOH = 5.5 V, Vec = MIN 


Vin = Vin or Vip per Truth Table 


lo, = 4.0 mA | Vcc = MIN, Vin = Vin or 


0.25 


VOL Output LOW Voltage 
0.35 


Fe 
oO 


V lo, = 8.0 mA | Vi, per Truth Table 


UA Vcc = MAX, VIN =2.7V 


Input HIGH Current 
Any D, R, or W 


Er or Ew 


| 
IH Any D, R, or W 
Er or Ew 


Input LOW Current 
Ne Any D, R or W 


mA Vcc = MAX, VIN =10V 


mA Voc = MAX, Vin = 0.4 V 


Er or Ew 


Power Supply Current 
cc (Note 5) 


NO 
ol 


A | Voc = MAX 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case”’ conditions. 

3. The specified LIMITS represent the ‘worst case’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Voc = 5.0 V, Ta = 25°C, and maximum loading. 

5. Iqc is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all address inputs are 
grounded, and all outputs are open. 
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FAIRCHILD @ 9LS170 (54LS/74LS170) 


AC CHARACTERISTICS: Ta = 25°C 


| LIMITS 
ee ae ee puis 
psmweren 


UNITS | TEST CONDITIONS 


AC SET-UP REQUIREMENTS: T, = 25°C 


i oe] ns 
toy Propagation Delay, Negative- Fig. 1 
toy Going Ep to Q Outputs | 
tpLH Propagation Delay, Ra or Rg 40 Fig. 2 Vec =5V. 
teu to O Outputs . 40 C, = 15 pF 
teLH Propagation Delay, Negative- — Fig. 1 Ry =2kQ 
teyt Going Ey to Q Outputs 
tpLH Propagation Delay, Data Inputs Fig. 1 
tpHL to Q Outputs 

oe 


Wa and Wp with Respect to Positive- 


Going Ew 


| IMITS | 
SYMBOL PARAMETER sua UNITS TEST CONDITIONS 
win [ae Ma 

tw a 
t,D Set-Up Time, Data Inputs with 
(Note 6) Respect to Positive-Going Ew 
t,D Hold Time, Data Inputs with 

| Respect to Positive-Going Evy | Vec =5V 
tsW Set-Up Time, Write Select Inputs 
(Note 8) Wa and Wg with Respect to Negative- 

Going Ew 

. Yang wn en Po Pf of “ 


NOTES: | 

6. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable 
transition from LOW to HIGH in order for the latch to recognize and store the new data. 

7. The Hold Time (ty) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. 

8. The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the 
correct latch is addressed and the other latches are not affected. . 

9. The shaded areas indicate when the inputs are permitted to change for predictable output performance. 


AC WAVEFORMS 


Ra, Rp 


a Jn oe Ja 


Fig. 2 


—_ 


| 


13V 


9LS174 (54LS/74LS174) 
HEX D FLIP-FLOP 


DESCRIPTION — The LSTTL/MSI 9LS174 (54LS/74LS174) is a high speed Hex D LOGIC SYMBOL 
Flip-Flop. The device is used primarily as a 6-bit edge-triggered storage register. The 
information on the D inputs is transferred to storage during the LOW to HIGH clock 
transition. The device has a Master Reset to simultaneously clear all flip-flops. The 
9LS174 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 


EDGE-TRIGGERED D-TYPE INPUTS 

BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 

CLOCK TO OUTPUT DELAYS OF 14 ns 

ASYNCHRONOUS COMMON RESET 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERNATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 

Do — Ds Data Inputs 0.5 U.L. 0.25 U.L. 

CP Clock (Active HIGH Going Edge) Input 0.5 ULL. 0.25 U.L. 

MR Master Reset (Active LOW) Input 0.5 ULL. 0.25 ULL. 

Og — O5 Outputs (Note b) 10 U.L. 5 (2.5) U.L. Vcc = Pin 16 
GND = Pin 8 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 


b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. CONNECTION DIAGRAM 


DIP (TOP VIEW) 
LOGIC DIAGRAM 


NOTE: 

The Fiatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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FAIRCHILD e 9LS174 (54LS/74LS174) 


FUNCTIONAL DESCRIPTION — The 9LS174 consists of six edge-triggered D-flip-flops with individual D inputs and Qa 
outputs. The Clock (CP) and Master Reset (M R) are common to all flip-flops. . 


Each D input’s state is transferred to the corresponding flip-flop’s output following the LOW to HIGH Clock (CP) transition. 


A LOW input to the Master Reset (MR) will force all outputs LOW independent of Clock or Data inputs. The 9LS174 is 
useful for applications where the true output only is required and the Clock and Master Reset are common to all storage 
elements. 


TRUTH TABLE 


Note 1: t=n+1 indicates conditions after next.clock. | 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65 C to +150°C 
Temperature (Ambient) Under Bias : | | —55°C to +125°C 
Vcc Pin Potential to Ground Pin , —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot+15V 
*Input Current (dc) | —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


V 
PART NUMBERS SUES ae Vcc) TEMPERATURE 


TY MAX 
9LS174XM/54LS174XM 45 V. 5.0 V 5.5 V —5§5°C to +125°C 


9LS174XC/74LS174XC 4.75 V 5.25V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER ee UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 


V Input HIGH Volt 2.0 
1H Oe onage Voltage for All Inputs 


E 
= 

<= 

> 

x< 
ae 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


V 

ca 

1.5 [| Vi | Voc=MIN, ly =—18 mA 
io Al 


Input LOW Voltage 


< 
~~ 
x} x 
re 


- Input Clamp Diode Voltage 


< 
Q 
1] 


Voc = MIN, | = —400 wA 
Output HIGH Voltage CC OH H 


Vin = Vin oF Vip per Truth Table 


0.25 Vs | Io = 4.0 mA | Vcc = MIN, Vin = Vin oF 
| 0.35 | 0.5 | V lo. = 8.0 mA | Vj, per Truth Table 
Lose uA | Veo = MAX, Vin = 2.7 V 
«| Input LOW Current | P| | 0.86 | mA | Voc = MAX, Viy = 0.4 V 


XM,XC 
VoL Output LOW Voltage - ae 


x 
?) 


< 
Oo 
= 
x) x< 
Os 
NIN 
NTO 
w | w 
| 


Input HIGH Current 


x 
N 
is 


Output Short Circuit 


Veer = MAX, V =OV 
Current (Note 5) CC OUT 


lec Power Supply Current Ed 


an 
O 
| 

—_ 

oi 


E 
o 
3 
> 


> 
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FAIRCHILD e 9LS174 (54LS/74LS174) 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
YMBOL PARAMETER UNITS TEST CONDITIONS 


'PLH Propagation Delay, Clock to Output 12 20 Fig. 1 
"PHL 15 22 
tpHL Propagation Delay, MR to Output ns Fig. 2 


>) 
n 


AC SET-UP REQUIREMENTS: Ta = 25°C 
SYMBOL PARAMETER TEST CONDITIONS 
tyyCP Minimum Clock Pulse Width Fons | Fig. 1 
ty Set-up Time, Data to Clock (HIGH or LOW) | ons | Fig. 1 
th Hold Time, Data to Clock (HIGH or LOW) Fig. 1 
toe Recovery Time for MR Fig. 2 
ty/MR Minimum MR Pulse Width pons Fig. 2 _ 
AC WAVEFORMS 
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, 
CLOCK PULSE WIDTH, FREQUENCY, MASTER RESET PULSE WIDTH, 
SET-UP AND HOLD TIMES DATA TO CLOCK AND MASTER RESET RECOVERY TIME 


Q 13V 13V 


*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 


Fig. 1 Fig. 2 


DEFINITIONS OF TERMS: 

SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (t,,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (t,¢,) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 
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9LS175 (54LS/74LS175) 
~ QUAD D FLIP-FLOP. 


LOGIC SYMBOL 


DESCRIPTION — The LSTTL/MSI 9LS175 (54LS/74LS175) is a high speed Quad D 
Flip-Flop. The device is useful for general flip-flop requirements where clock and clear 
inputs are common. The information on the D inputs is stored during the LOW to HIGH 
clock transition. Both true and complemented outputs of each flip-flop are provided. A 
Master Reset input resets all flip-flops, independent of the Clock or D inputs, when LOW. 


The 9LS175 is fabricated with the Schottky barrier diode process for high speed and is 
completely compatible with all Fairchild TTL families. 


EDGE-TRIGGERED D-TYPE INPUTS 

BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK 

CLOCK TO OUTPUT DELAYS OF 14 ns 

ASYNCHRONOUS COMMON RESET 

TRUE AND COMPLEMENT OUTPUT 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 
| LOW 
Do — D3 Data Inputs 0.25 U.L. 
cP Clock (Active HIGH Going Edge) Input 0.25 ULL. Vico. = niW16 
MR Master Reset (Active LOW) Input 0.25 ULL. GND=Pin 8 
Qo — 03 True Outputs (Note b) 5(2.5) U.L. 
Op — O3 Complemented Outputs (Note b) 5(2.5) ULL. CONNECTION DIAGRAM 
NOTES: DIP (TOP VIEW) 


a. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Voc =Pin 16 
GND =Pin 8 
© = Pin Numbers 
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FAIRCHILD @ 9LS175 (54LS/74LS175) 


FUNCTIONAL DESCRIPTION — The 9LS175 consists of four edge-triggered D flip-flops with individual D inputs and Q and 
Q outputs. The Clock and Master Reset are common. The four flip-flops will store the state of their individual D inputs on 
the LOW to HIGH Clock (CP) transition, causing individual Q and QO outputs to follow. A LOW input on the Master Reset 
(MR) will force all Q outputs LOW and O outputs HIGH independent of Clock or Data inputs. 


The 9LS175 is useful for general logic applications where a common Master Reset and Clock are acceptable. 


TRUTH TABLE 


Inputs (t = n, MR =H) Outputs (t = n+1) Note 1 


L i H 
H H L 


Note 1: t=n+1 indicates conditions after next clock. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125 °C 
Vcc Pin Potential to Ground Pin —0.5 Vto+7.0 V 
*Input Voltage (dc) —0.5Vtot+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vito +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Ejither Input Voltage limit or input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBERS RAT 
9LS175XC /74LS175XC 4.75 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 


YP UNITS TEST CONDITIONS 


SYMBOL PARAMETER - 


Guaranteed Input HIGH Threshold 
Voltage for All inputs 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


ee 
co) 


Vind Input HIGH Voltage 


4 
= 


Input LOW Voltage 


= 
= 
Ors 


a 
oO 
< 


1°) 
~N 


Input Clamp Diode Voltage Vcc = MIN, lin = —18 mA 
Vcc = MIN, Igy = ~400 vA 


Vin = Vin or Vip per Truth Table 


0.4 V lo = 4.0 mA] Vcc = MIN, Vin = Vi or 
V lo, = 8.0 mA} Vi, per Truth Table 


uA Voc = MAX, Vin = 2.7 V 
mA Voc = MAX, Viy = 10 V 


mA Vcc = MAX, VIN =0.4V 


< 
OQ 
oO 


M 
C 


XM,XC 


2.5 
2.7 


3.4 
3.4 


0.25 
0.35 


Output HIGH Voltage 


VOL Output LOW Voltage 


< 
Oo 
x 
QO 


NO 
© 


Ny Input HIGH Current 


—0.36 


r 


Input LOW Current 


, Output Short Circuit 
Sc Current (Note 5) 


> 


Mm, Vec = MAX, VOUT =OV 


Power Supply Current m Vcc = MAX 


> 
oO 
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FAIRCHILD e 9LS175 (54LS/74LS175) 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product. Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case” conditions. . 

3. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. . 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: T, = 25°C 


SYMBOL PARAMETER TEST CONDITIONS 


'PLH Propagation Delay, Clock to Output + Fig. 1 
'PHL 


tpyL Propagation Delay, MR to OQ Output Fig. 2 


AC SET-UP REQUIREMENTS: Ta, = 25°C 


anit paramere am NS eee 
th Hold Time, Data to Clock (HIGH or LOW) i oe rr ir a Fig. 1 
| AC WAVEFORMS 
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, 
CLOCK PULSE WIDTH, FREQUENCY, MASTER RESET PULSE WIDTH, 
SET-UP AND HOLD TIMES DATA TO CLOCK AND MASTER RESET RECOVERY TIME 


th(H) 


th(L) 


Vit 


———}— PL |——=|— tre 
Q 13V 1.3V 
| TPHL lr tPLH 
a 1.3V 1.3V 


*The shaded areas indicate when the input is permitted to change 
for predictable output performance. 


Fig. 1 6 4 Fig. 2 / 


DEFINITIONS OF TERMS: | 

SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. | 

HOLD TIME (t,,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (t,.,.) — is defined ‘as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 
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9LS181(54LS/74LS181) 
4-BIT ARITHMETIC LOGIC UNIT 


DESCRIPTION — The 9LS181 (54LS/74LS181) is a 4-bit Arithmetic Logic Unit (ALU) 
which can perform all the possible 16 logic,operations on two variables and a variety of 
arithmetic operations. 
e PROVIDES 16 ARITHMETIC OPERATIONS 
ADD, SUBTRACT, COMPARE, DOUBLE, PLUS 
TWELVE OTHER ARITHMETIC OPERATIONS 
e PROVIDES ALL 16 LOGIC OPERATIONS OF TWO 
VARIABLES 
EXCLUSIVE—OR, COMPARE, AND, NAND, OR, 
NOR, PLUS TEN OTHER LOGIC OPERATIONS 
e FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC 
OPERATION ON LONG WORDS 
e INPUT CLAMP DIODES 


LOGIC SYMBOL 


23 22 21 20 


LOADING (Note a) 


PIN NAMES 

Ap—A3, Bg—B3 Operand (Active LOW) Inputs “BU! 
S9—S3 Function — Select Inputs , 20 ULL. 
M Mode Control Input 0.25 ULL. 
Ch Carry Input 1.25 ULL. 
Fo—F3 Function (Active LOW) Ou: 5 (2.5) U.L. 
A=B Comparator Output 5 (2.5) U.L. 
G Carry G #e (Actiwe' OW) Output 10 ULL. 10 ULL. 
P Carry Pr Active LOW) Output 10 ULL. 5 ULL. 
Ch+4 rry Output 10 U.L. | 5 (2.5) ULL. 


Vcc = Pin 24 
GND = Pin 12 


NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


LOGIC DIAGRAM 


Ch M_~ Ao 


OO 


CONNECTION DIAGRAMS 
DIP (TOP VIEW) 


@) 
Ht 
iio 

es ©@® 
() 


il 
St 
AT 


TEE 
e=! 
am 


A ¢ Vcc = Pin 24 NOTE: 

y GND = Pin 12 The Flatpak version has the same 
© = Pin pinouts (Connection Diagram) as the 

bon a4 OG Numbers Dual In-line Package. 

@ 
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FUNCTIONAL DESCRIPTION — The 9LS181 (54LS/74LS181) is a 4-bit high speed parallel Arithmetic Logic Unit (ALU). 
Controlled by the four Function Select Inputs (Sg ...S3) and the Mode Control Input (M), it can perform all the 16 
possible logic operations or 16 different arithmetic operations on active HIGH or active LOW operands. The Function 
Table lists these operations. 


When the Mode Control Input (M) is HIGH, all internal carries are inhibited and the device performs logic operations on the 
individual bits as listed. When the Mode Control Input is LOW, the carries are enabled and the device performs arithmetic 
operations on the two 4-bit words. The device incorporates full internal carry lookahead and provides for either ripple carry 
between devices using the C,+4 output, or for carry lookahead between packages using the signals P (Carry Propagate) and G 
(Carry Generate). P and G are not affected by carry in. When speed requirements are not stringent, the 9LS181 can be used 
in a simple ripple carry mode by connecting the Carry Output (C,,,4) signal to the Carry Input (C,,) of the next unit. For 
high speed operation the 9LS181 is used in conjunction with the 9342 or 93S42 carry lookahead circuit. One carry lookahead 
package is required for each group of four 9LS181 devices. Carry lookahead can be provided at various levels and offers high 
speed capability over extremely long word lengths. 


The A = B output from the 9LS181 goes HIGH when all four F outputs are HIGH and can be used to indicate logic 
equivalence over four bits when the unit is in the subtract mode. The A = B output is open collector and can be wired-AND 
with other A = B outputs to give a comparison for more than four bits. The A = B signal can also be used with the C,14 
signal to indicate A > B and A<B. 


The Function Table lists the arithmetic operations that are performed without a carry in. An incoming carry adds a one to 
each operation. Thus, select code LHHL genefates A minus B minus 1 (2s complement notation) without a carry in and 
generates A minus B when a carry is applied. Because subtraction is actually performed by complementary addition (1s 
complement), a carry out means borrow; thus a carry is generated when there is no underflow and no carry is generated when 
there is underflow. os 


As indicated, the 9LS181 can be used with either active LOW inputs producing active LOW outputs or with active HIGH 
inputs producing active HIGH outputs. For either case the table lists the operations that are performed to the operands labeled 
inside the logic symbol. 


FUNCTION TABLE LOGIC SYMBOLS 


MODE SELECT ACTIVE LOW INPUTS ACTIVE HIGH INPUTS ACTIVE LOW OPERANDS 
INPUTS & OUTPUTS & OUTPUTS 2-4 «23-22 21:20 «19 18 


LOGIC ARITHMETIC** LOGIC ARITHMETIC** 
S3 S2 $1 So (M=H) (M=L)(Cpy=L) (M=H) (M=L) (Cy =H) 


Ao Bg 41 By, Ag Bo Ag B38 
Cht+4 
A minus 1 


AB minus 1 
AB minus 1 
Logical 1 minus 1 Logical O minus 1 
A+B A plus (A + B) AB - Aplus AB 
B AB plus (A + B) (A + B) plus AB 
A minus B minus 1 A minus B minus 1 
A+B AB minus 1 9 10 1 13 
A pilus (A + B) A plus AB 
gla AOE Aphes ACTIVE HIGH OPERANDS 
AB plus (A + B) B (A +B) plus AB 
A+B A+B AB AB minus 1 . 2 1 2322 2120 19 18 
Logical O A plus A* Logical 1 A plus A* 
AB AB plus A A+B (A+8) plusA 
AB AB pius A A+B (A +B) plus A 
A A A A minus 1 


A=B 


9LS181 
So 4 BIT ARITHMETIC G 
LOGIC UNIT 


Ag Bo Ay 81 Az Bo Az B3 


ses ee = Re wh ee am cl Cees sees OS SO a ca a 
Pwer Ler Ler rLTiee 
Tritirrrrrrrirr°igroir 


i 
L 
L 
L. 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


9LS181 
4 BIT ARITHMETIC 
LOGIC UNIT 


L = LOW Voltage Level 
H = HIGH Voitage Level 


“Each bit is shifted to the next more significant position 
** Arithmetic operations expressed in 2s complement notation 9  ° 10 4 13 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5V to+7.0V 
*Input Voltage (dc) —0.5V to +15 V 
“Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot+10V 
Output Current (dc) (Output LOW) +50 mA 


*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


PART NUMBER 
9LS181XC /74LS181XC 4.75 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
LIMITS 


SYMBOL PARAMETER 


Vin Input HIGH Voltage 2.0 
X 

VIL Input LOW Voltage — 

C 


Vep Input Clamp Diode Voltage 
VoH Output HIGH Voltage XM 
2 Any Output except A=B XC 


Output HIGH Current 
OH A=B Output Only 


UNITS | TEST CONDITIONS 


jo) 
3 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Ni 
Njo 


—_ | a oO!1loO 


NO 


Vcc = MIN, lIN =-18 mA 
Vcc = MIN, lOH = —400 UA 
Vin = Vin or Vip per Truth Table 


3.4 
Vec = MIN, VOH =55V 


2 


ol 


Output LOW Voltage XM,XC 


Except G and P XC 


Vv Output LOW Voltage 
OL Output G 


Output LOW Voltage XM 
Output P XC 


Input HIGH Current 
Mode Input 
A and B Inputs 
S Inputs 
Carry Inputs 


low =4.0 mA 
lot =8.0 mA 


- 
N 
Ni 


L = 16mA | Vi, per Truth Table 


< 


lot = 8.0 mA 


Vec = MAX, VIN =2.7V 


a = 

QR22v o ) o) > 

omone) NI NJ x 
> 


Mode Input 

A and B Inputs 
S Inputs 

Carry Inputs 


Voc = MAX, Vin = 10 V 


Input LOW Current 
Mode Input 
Ne A and B Inputs 
S Inputs 
Carry Inputs 


Vcc = MAX, VIN =O0.4V 


Output Short Circuit 
| Ver = MAX, V =OV 
Os Current (Note 5) cc OUT 
Power Supply Current 
lec Condition A (Note 6) 


Power Supply Current 
Condition B (Note 6) 


Vcc = MAX 


37 
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NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. — 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’ conditions. 

3. The specified LIMITS represent the “worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera- 

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 

operating ranges. 

Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 

Not more than one output should be shorted at a time. 

With outputs open, I¢c is measured for the following conditions: 

A. SO through S3, M, and A inputs are at 4.5 V, all other inputs are grounded. 

B. SO through S3 and M are at 4.5 V, ail other inputs are grounded. 


AC CHARACTERISTICS: Ta = 25°C, Vcc = 5.0 V, Pin 12 = GND 


Qasr 


LIMITS 
TYP MAX 


tery Propagation Delay, 27 
tpHL (Ch, to Cy+4) 20 


t — 

PLH (C,, to F Outputs) SE 
tPHL = 
t — 

PLH (A or B Inputs to G Output) 

'PHL 


SYMBOL PARAMETER UNITS CONDITIONS 


M = 0 V, (Sum or Diff Mode) 
See Fig. 4 and Tables | and Il 


M =0V, (Sum Mode) 

See Fig. 4 and Table | 

M=S, = o9- OV, So =$3=45V 
(Sum Mode) See Fig. 4 and Table | 
M=So= $3 =OV, S81 =S9=45V 
(Diff Mode) See Fig. 5 and Table Il 
M= Sj; =S9=OV, So =S3=45V 
(Sum Mode) See Fig. 4 and Tabie |! 
30 M=S9= S83 =OV,S;,=S9=45V 
33 (Diff Mode) See Fig. 5 and Table II 


- 
wo 


26 


30 
30 


2 rag 29 
23 
: _ _ 
PLH _(A or B Inputs to G Output) ae 
'PHL 
: 7 
PLH (A or B Inputs to P Output) 
tPHL 
: = . 
PLH (A or B Inputs to P Output) 
tPHL | 


~ 
n 


t = fm = = = = , — =]. 

PLH (A or B Inputs to any F Output) = ns == 22 ak 20 23 ay 

tpHL 20 (Sum Mode) See Fig. 4 and Table | 
. t — —_ = = = = = = 4 t 

PLH (A or B Inputs to any F Output) Se ns be So = $3 ome Sig arene, 

tpyL 23 (Diff Mode) See Fig. 5 and Table II 

t WN roy rr 33 =4. i “ve 

PLH © (A or B Inputs to F Outputs) ™ a wAlogic-Mode) 

tPHL 29 See Fig. 4 and Table Ill 

t eo Pa = = — : = — 
PLH (A or B Inputs to C44 Output) 28 MONO 93 SONS so ON 

tpyL 38 (Sum Mode) See Fig. 6 and Table | 

tpLH a | 41 M=OV,S9 =S3=O0V, 81, =S2=45V 
A or B Inputs to C Output 

feu. Be tied — a1 (Diff Mode) : 

oe Ce 50 M = Sg = $3 = OV, $1 =S2 = 45 V, 

' (A or B Inputs to A = B Output) 62 R, = 2 kQ 

PHL (Diff Mode) See Fig. 5 and Table II 

AC WAVEFORMS 
INPUT 1.3V 1.3V 
>| TPLH —— PHL 
1.3V 1.3V 
OUTPUT 
Fig. 4 
1.3V 1.3V 
A INPUT 
ee 1.3V 1.3V 
B INPUT 
1.3V 1.3V | [Pu | < : | en 
<> PtH | | ene pete 1.3V 1.3V 
OUTPUT 1.3V - 1.3V 
Fig. 5 Fig. 6 
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SUM MODE TEST TABLE |! FUNCTION INPUTS: Sg = S3 =4.5 V,S1=S2=M=OV 
OTHER INPUT 
SAME = OTHER DATA INPUTS OUTPUT 
PARAMETER UNDER 
APPLY APPLY APPLY APPLY TEST 
45 V GND 45V GND 
'PLH i ee Remaining = 
tPLH — Remaining = 
tpLH a Remaining — 
'PLH ~ Remaining = 
tPLH — Remaining — 
tPLH — Remaining — 
tPpLH * Remaining Remaining = 
tPHL is B A. Cn G 
tPLH — Remaining Remaining wed 
tPLH = Remaining Remaining 
tpLH —_ Remaining Remaining 
tPLH All All Any 
tPHL Ch None None A B or Cy 44 
DIFF MODE TEST TABLE II FUNCTION INPUTS: S1 =S2=4.5 V,Sg=S3=M=OV 
OTHER INPUT 
INPUT SAME BIT OTHER DATA INPUTS OUTPUT 


PARAMETER ER 
pate APPLY APPLY APPLY APPLY ede 
45V GND 45V GND 
t = AE a = 
PLH A Ris Remaining Remaining F; 
tPHL A B, 
— Remaining Remaining = 


i?) 
3 


iz EA 


tPLH 

tPHL 

tPLH Remaining Remaining _ 
None anes a ; 


tPLH a Remaining Remaining — 

t oe ae — 

a 
1&n 

tPLH = —~ — 

a ee a 
r&n 

tPLH a Remaining = 

ah —————E pee’ 


ae 


tPHL 
tPLH 
tPHL 
tPLH 
tPHL 
tPLH 
tPHL 


tPLH 
tPHL 


Remaining 
No N pile se 
Biome nme | A and B, Cn es 


tPLH 
tPHL 


tPLH — Remaining 
N A N = =o 
tPHL ee ee ee ss A and 8, Cy cned 


All 
N wan 
oe A and B pales “ee 


paca iy ais OTHER DATA INPUTS OUTPUT 
APPLY APPLY APPLY RORY ee FUNCTION INPUTS 
45V GND 45V GND 


S,=S2=M=45V 

So =S3=0V 

S,=S2=M=45V 
So =S3=0V 


= Remaining = 
A N — Any F 
ee ee ee ee A and B, Cy 


Remaining Aay 


Nene ‘A and B, Cy 


ool 
z 
5} 
5 
49) 
>| 
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9LS190(54LS/74LS190)- 9LS191(54LS/74LS191) 
PRESETTABLE BCD/DECADE PRESETTABLE 4-BIT BINARY 
UP/DOWN COUNTERS UP/DOWN COUNTERS 


DESCRIPTION — The 9LS190 (54LS/74LS190) is a synchronous UP/DOWN BCD Decade 
(8421) Counter and the 9LS191 (54LS/74LS191) is a synchronous UP/DOWN Modulo-16 
Binary Counter. State changes of the counters are synchronous with the LOW-to-HIGH 
transition of the Clock Pulse input. 


LOGIC SYMBOL 


oe, 17. 75 1 £10 9Q 
An asynchronous Parallel Load (PL) input overrides counting and loads the data present 


on the P,, inputs into the flip-flops, which makes it possible to use the circuits as 
programmable counters. A Count Enable (CE) input serves as the carry/borrow input in 
multi-stage counters. An Up/Down Count Control (U/D) input determines whether a 
circuit counts up or down. A Terminal Count (TC) output and a Ripple Clock (RC) 
output provide overflow/underflow indication and make possible a variety of methods 
for generating carry/borrow signals in multi-stage counter applications. 


Po Py Po Pa ~ 


e LOW POWER ...90 mW TYPICAL DISSIPATION 

e HIGH SPEED ...35 MHz TYPICAL COUNT FREQUENCY cpa 

e SYNCHRONOUS COUNTING cer 

e ASYNCHRONOUS PARALLEL LOAD ages 

e INDIVIDUAL PRESET INPUTS 

e COUNT ENABLE AND UP/DOWN CONT, | CONNECTION DIAGRAM 

e CASCADABLE y. , DIP (TOP VIEW) 

° INPUT CLAMP DIODES LUMAT H SPEED TERMINATION EFFECTS 

° FULLY TTL AND ) CMES COME ATIBLE 

PIN NAMES #@ {, LOADING (Note a) 

CE Count Enable (Active LOW) Input 0.7 ULL. 

CP Clock Pulse (Active HIGH going edge) Input 0.5 ULL. 0.25 U.L. 

U/D Up/Down Count Control Input 0.5 ULL. 0.25 ULL. 

PL —sC~Parallel Load Control (Active LOW) Input 0.5 ULL. 0.25 ULL. 

Py Parallel Data Inputs 0.5 ULL. 0.25 U.L. 

QO, Flip-Flop Outputs (Note b) 10 ULL. 5 (2.5) ULL. 

RC Ripple Clock Output (Note b) 10 ULL. 5 (2.5) U.L. 

TC Terminal Count Output (Note b) 10 ULL. 5 (2.5) ULL. ae en eer eae 
NOTES: | pinouts (Connection Diagram) as the 
a. 1 TTL Unit Load (U.L.) = 40 »A HIGH/1.6 mA LOW. Duet Eine raCkede: 


b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


STATE DIAGRAMS 


9LS190 
UP: TC = Qo + Q3° (U/D) 
DOWN: TC = Qg ° Qy - Q2- O3- 


9LS191 


UP: TC = Qg + OQ] + O2° O3° 
DOWN: TC = Og + Q] « Qp+ 03> 


Count Up. 
Count Down 
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LOGIC DIAGRAMS 


cP U/D 


yy @ ©) Qe 
i ore ie aes, eee! 
eee 4—t 
eal iia Pe el 
panes see eae ea 
ot atte 
ne aa ca 


oe 


{) 

De 

m 

m 

ar 
a3 


DECADE COUNTER 
9LS190 


SaaS 
. y 

Yeh Y 

if 


© ® 


Q, Q3 


BINARY COUNTER 
9LS191 
Vcc = Pin 16 
GND= Pin8 
@ = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The 9LS190 is a synchronous Up/Down BCD Decade Counter and the 9LS$191 is a 
synchronous Up/Down 4-Bit Binary Counter. The operating modes of the 9LS190 decade counter and the 9LS191 binary 
counter are identical, with the only difference being the count sequences as noted in the state diagrams. Each circuit contains 
four master/slave flip-flops, with internal gating and steering logic to provide individual preset, count-up and count-down 
operations. 


Each circuit has an asynchronous parallel load capability permitting the counter to be preset. to any desired number. When 
the Parallel Load (PL) input is LOW, information present on the Paraliel Data inputs (PQg—P3) is loaded into the counter and 
appears on the O outputs. This operation overrides the counting functions, as indicated in the Mode Select Table. 


A HIGH signal on the CE input inhibits counting. When CE is LOW, internal state changes are initiated synchronously by the 
LOW-to-HIGH transition of the clock input. The direction of counting is determined by the U/D input signal, as indicated in 
the Mode Select Table. When counting is to be enabled, the CE signal can be made LOW when the clock is in either state. 
However, when counting is to be inhibited, the LOW-to-HIGH CE transition must occur only while the clock is HIGH. 
Similarly, the U/D signal should only be changed when either CE or the clock is HIGH. 


Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) output is normally LOW and 
goes HIGH when a circuit reaches zero in the count-down mode or reaches maximum (9 for the 9LS190, 15 for the 9LS191) 
in the count-up mode. The TC output will then remain HIGH until a state change occurs, whether by counting or presetting 
or until U/D is changed. The TC output should not be used as a clock signal because it is subject to decoding spikes. 


The TC signal is also used internally to enable the Ripple Clock (RC) output. The RC output is normally HiGH. When CE is 
LOW and TC is HIGH, the RC output will go LOW when the clock next goes LOW and will stay LOW until the clock goes 
HIGH again. This feature simplifies the design of multi-stage counters, as indicated in Figures a and b. In Figure a, each RC 
output is used as the clock input for the next higher stage. This configuration is particularly advantageous when the clock 
source has a limited drive capability, since it drives only the first stage. To prevent counting in all stages it is only necessary to 
inhibit the first stage, since a HIGH signal on CE inhibits the RC output pulse, as indicated in the RC Truth Table. A 
disadvantage of this configuration, in some applications, is the timing skew between state changes in the first and last stages. 
This represents the cumulative delay of the clock as it ripples through the preceding stages. 


A method of causing state changes to occur simultaneously in all stages is shown in Figure b. All clock inputs are driven in 
parallel and the RC outputs propagate the carry/borrow signals in ripple fashion. In this configuration the LOW state duration 
of the clock must be long enough to allow the negative-going edge of the carry/borrow signal to ripple through to the last 
stage before the clock goes HIGH. There is no such restriction on the HIGH state duration of the clock, since the RC output 
of any package goes HIGH shortly after its CP input goes HIGH. 


The configuration shown in Figure c avoids ripple delays and their associated restrictions. The CE input signal for a given 
stage is formed by combining the TC signals from all the preceding stages. Note that in order to inhibit counting an enable 
signal must be included in each carry gate. The simple inhibit scheme of Figures a and b doesn’t apply, because the TC 
output of a given stage is not affected by its own CE. 


MODE SELECT TABLE RC TRUTH TABLE 
INPUTS INPUTS 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 


icc 
L 
: 


H i UW 
‘ H 
H 


*TC is generated internally 


L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Don’t Care 

J = LOW-to-HIGH Clock Transition 
‘LI= LOW Pulse 
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DIRECTION 
CONTROL 


o— - = 
ENABLE ————-+) 
CLOCK 


Fig. a) n-stage counter using ripple clock. 


DIRECTION 
CONTROL 


CLOCK 


Fig. b) Synchronous n-stage counter using ripple carry/borrow. 


DIRECTION 
CONTROL 


ENABLE 


Fig. c) Synchronous n-stage counter with parallel gated carry/borrow. 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias . —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc)  —0.5 V to +15 V 
*Input Current (dc) | —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) ; —0.5 V to+10V 


Output Current (dc) (Output LOW) : | +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE (Vcc) 


aaa. 2 ae Aue 
9LS190XM /54LS190XM 5 
; : : — + fo) 
ee ee mae dues 


9LS190XC /74LS190XC 
4. «6.2 °C to +75° 
9LS191XC/74LS191XC oN 5.0V 5V 0°C to +75°C 


PART NUMBERS TEMPERATURE 


X = package type; F for Flatpak; D for Cermaic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
LIMITS 


Vep input Clamp Diode Voltage 


V O HIGH Voltage a 2 

utput olitage : 

~ — ‘ 
XM,XC 

VOL . Output LOW Voltage 


Input HIGH Current 
P., PL, CP, U/D 


cE 


Vcc = MIN, lin =-18mMA 
Vec = MIN, IOH = —400 UA 


SYMBOL PARAMETER [MIN | TYP UNITS: TEST CONDITIONS (Note 1) 
TYP MAX 
Guaranteed Input HIGH Voltage 
Ving Input HIGH Voltage 2.0 for Mil dnipute 
IL p ge for All 


~ Oo 
o1 | o 


Vin = Vip or Vip per Truth Table 


0.25 Vv lo. = 4.0 mA | Vec = MIN, Vin = Vin or 
: V lo, = 8.0 mA | Vi_ per Truth Table 


Vcc = MAX, VIN =27V 


z 
> 


mA Vcc = MAX, VIN =10V 


' 
-) 
WwW 
ol 


| 
© 
ne: 
> 


Input LOW Current 
Ne P,, PL, CP, U;D 


C 
Output Short Circuit 
OS | Current (Note 5) 


lec Power Supply Current 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘worst case”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera- 

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 

Operating ranges. 

Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

Not more than one output should be shorted at a time. __ 

The Set-Up Time “t.(H)" and Hold Time ‘‘ty(L)’’ between the Count Enable (CE) and the Clock (CP) indicate that the LOW-to-H!IGH 

transition of the CE must occur only while the Clock is HIGH for conventional operation. 


Vcc Te MAX, VIN =04V 


safe 
> 


Vec = MAX, VouT =OV 


20 mA | Voc = MAX 


i 
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AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
SYMBOL PARAMETER a a UNITS TEST CONDITIONS 
TYP MAX 
tpi Propagation Delay, 24 Fig. 1 
tpHL CP Input to OQ Outputs 36 
'PLH CP Input to RC Output 20 Fig. 2 
‘PHL 24 
'PLH CP Input to TC Output 42 Fig. 1 
PHL 52 
'PLH" U RC = 
/D Input to RC Output Ver =5.0V 

tpHL” [GD imouto RE oun = 
'PLH U,/D Input to TC Output 33 BIg. 7 «| p= tocpe 
PHL 33 
'PLH Po — Pg Inputs to Qg — Oz Outputs 22 Fig. 3 
tPHL oe 3 50 : 
'PLH PL 33 

PL Input to Any Output Fig. 4 
PHL 50 

* cui — 

'PLH CE Input to RC Output 33 Fig. 2 
tPHL 33 


*It is possible to get these timing relationships, but they should not occur during normal operation since the CP would be HIGH. 


AC SET-UP REQUIREMENTS: Ta = 25°C 


me ee 
a|/ 
S]—_ 


LIMI 
SYMBOL PARAMETER iS UNITS TEST CONDITIONS 
tw CP Pulse Width 20 
tw PL Pulse Width 35 


No 
[o) 


tL Set-Up Time LOW, Data to PL 


tyl Hold Time LOW, Data to PL Fig. 6 | Voc =5.0V 


tH Set-Up Time HIGH, Data to PL 20 
thH Hold Time HIGH, Data to PL 
trec Recovery Time, PL to CP 

tb Set-Up Time LOW, CE to Clock 


ty Hold Time LOW, CE to Clock 


No 
oO 


Fig. 5 


N 
io) 


Fig. 8 


3 
> 
x< 


DEFINITIONS OF TERMS: 


SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW-to-HIGH and still be recognized. 


RECOVERY TIME (t,o,) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the O outputs. 
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AC WAVEFORMS 


CP OR CE 


QORTC 1.3V 


Fig. 1 


NOTE: PL =LOW ‘i 


Fig. 3 


cP 
een ——= * Lill CH 
LD 
Q 
*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Fig. 6 


. (SEE NOTE 6) 


Fig. 8 


Fig. 7 


9LS192(54LS/74LS192) *9LS193 (54LS/74LS193) 


PRESETTABLE BCD/DECADE —=-PRESETTABLE 4-BIT BINARY 
UP/DOWN COUNTER UP/DOWN COUNTER 


DESCRIPTION — The 9LS192 (54LS/74LS192) is an UP/DOWN BCD Decade (8421) 
Counter and the 9LS193 (54LS/74LS193) is an UP/DOWN MODULO-16 Binary 
Counter. Separate Count Up and Count Down Clocks are used and in either counting 
mode the circuits operate synchronously. The outputs change state synchronous with 
the LOW-to-H!GH transitions on the clock inputs. 


Separate Terminal Count Up and Terminal Count Down outputs are provided which are 
used as the clocks for a subsequent stages without extra logic, thus simplifying 
multistage counter designs. Individual preset inputs allow the circuits to be used as 
programmable counters. Both the Parallel Load (PL) and the Master Reset (MR) inputs 
asynchronously override the clocks. 


LOW POWER ....95 mW TYPICAL DISSIPATION 

HIGH SPEED...40 MHz TYPICAL COUNT FREQUENCY 
SYNCHRONOUS COUNTING 

ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD 
INDIVIDUAL PRESET INPUTS 

CASCADING CIRCUITRY INTERNALLY PROVIDED 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 


CPy Count Up Clock Pulse Input 0.5 U.L. 0.25 U.L. 
CPh Count Down Clock Pulse Input 0.5 U.L. 0.25 ULL. 
MR Asynchronous Master Reset (Clear) Input 0.5 U.L. 0.25 U.L. 
PL Asynchronous Parallel Load (Active LOW) Input 0.5 ULL. 0.25 U.L. 
Py Parallel Data Inputs 0.5 ULL. 0.25 U.L. 
Q,, Flip-Flop Outputs (Note b) 10 U.L. 5(2.5) U.L. 
TCp Terminal Count Down (Borrow) Output (Note b) 10 ULL. 5(2.5) U.L. 
TCy — Terminal Count Up (Carry) Output (Note b) 10 ULL. 5(2.5) ULL. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 wA HIGH/1.6 mA LOW 
b. The Output LOW drive factor is 2.5 U.L. for MILITARY (XM) and 5 U.L. for COMMERCIAL (XC) 
Temperature Ranges. 


STATE DIAGRAMS 
9L$192 LOGIC EQUATIONS 
FOR TERMINAL COUNT 
TCy = Qg+QgrCPy 


9LS193 LOGIC EQUATIONS 
FOR TERMINAL COUNT 
Ty = Qp° OQ, *Q5° Qg° CP, 


TCp = Q 


9LS192 


COUNT UP = 


| COUNT DOWN ------ 
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LOGIC SYMBOL 


1115 1 10 9 


PL Po Py Po Ps. 
Cu 


Vcc = Pin 16 
GND= Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


9L$193 


FAIRCHILD e 9LS192 (54LS/74LS192) e 9LS193 (54LS/74LS1 93) 


LOGIC DIAGRAMS 


9LS192 


9LS193 


Voc = Pin 16 


GND= Pin8 


O = Pin Number 
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FUNCTIONAL DESCRIPTION — The 9LS192 and 9LS193 are Asynchronously Presettable Decade and 4-Bit Binary 
Synchronous UP/DOWN (Reversable) Counters. The operating modes of the 9LS192 decade counter and the 9LS193 
binary counter are identical, with the only difference being the count sequences as noted in the State Diagrams. Each 
circuit contains four master/slave flip-flops, with internal gating and steering logic to provide master reset, individual 
preset, count up and count down operations. 


Each flip-flop contains JK feedback from slave to master such that a LOW-to-HIGH transition on its T input causes the 
slave, and thus the OQ output to change state. Synchronous switching, as opposed to ripple counting, is achieved by driving 
the steering gates of all stages from a common Count Up line and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH transition on the Count Up input will advance the count by one; 
a similar transition on the Count Down input will decrease the count by one. While counting with one clock input, the 
other should be held HIGH. Otherwise, the circuit will either count by twos or not at all, depending on the state of the first 
flip-flop, which cannot toggle as long as either Clock input is LOW. 


The Terminal Count Up (TCy) and Terminal Count Down (TCp) outputs are normally HIGH. When a circuit has reached 
the maximum count state (9 for the 9LS192, 15 for the 9LS193), the next HIGH-to-LOW transition of the Count Up Clock 
will cause TCyy to go LOW. TCy will stay LOW until CP goes HIGH again, thus effectively repeating the Count Up Clock, 
but delayed by two gate delays. Similarly, the TCp output will go LOW when the circuit is in the zero state and the Count 
Down Clock goes LOW. Since the TC outputs repeat the clock waveforms, they can be used as the clock input signals to 
the next higher order circuit in a multistage counter. 


Each circuit has an asynchronous parallel load capability permitting the counter to be preset. When the Parallel Load (PL) 
and the Master Reset (MR) inputs are LOW, information present on the Parallel Data inputs (Po, P3) is loaded into the 
counter and appears on the outputs regardless of the conditions of the clock inputs. A HIGH signal on the Master Reset. 
input will disable the preset gates, override both Clock inputs, and latch each Q output in the LOW state. If one of the Clock 
inputs is LOW. during and after a reset or load operation, the next LOW-to-HIGH transition of that Clock will be interpreted 
as a legitimate signal and will be counted. 


MODE SELECT TABLE 


Reset (Asyn.) 
Preset (Asnyn.) 


No Change 
Count Up 
Count Down 


L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Don’t Care 

J = LOW-to-HIGH Clock Transition 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5V to+7.0 V 
* Input Voltage (dc) —0.5V to 15V 
* Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V tot+10 V 
Output Current (dc) (Output LOW) +50 mA 


* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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GUARANTEED OPERATING RANGES 


. PPLY VOLTAGE (V 
PART NUMBERS | Shs OETAGE (Vcc! oct TEMPERATURE 


9LS192XM /54LS192XM 
9LS193XM /54LS193XM 


9LS192XC / 74LS192XC 3 : 
Bic loge fal eigaKe 4.75 V 5.0 V 5.25 V I O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


45 V 5.0 V 5.5 V —55°C to +125°C 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) _ 


LIMITS | 
| TY MAX 
Vin Input HIGH Voltage 
XM 
VIL Input LOW Voltage | XM 


Vep input Clamp Diode Voltage 


VOH Output HIGH Voltage a 
XM,X 
VoL Output LOW Voltage 


te Input HIGH Current 


Ne Input LOW Current 


Output Short Circuit 


UNITS TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs: 


.@) 


io) 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, lin =-18mMmA 


Vec = MIN, lOH = —400 vA 
Vin = Vin or Vip per Truth Table 


V lot = 4.0 mA | Vcc = MIN, Vin = VIH or 


3.4 


V Vip per Truth Table 
vA | Voc =MAX, Vin =2.7V 
mA Vec = MAX, Vin = 7.0V 
mA Vec= MAX, Vin = 0.4 V 


Oo 


a ‘ 
od Oo; oa ~ 


N}N 
“If O1- 


I he 7 _ 
Os Current (Note 5) 100 mA Vec = MAX Vout =O V 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, now shown in the table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case” values normally occur at the tempera- 
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 3 . 

4. Typical limits are at Vec =5.0V, Ty = 25 C, and maximum loading. 


5. Not more than one output should be shorted at a time. 


FAIRCHILD e 9LS192 (54LS /74LS192) e 9LS193 (54LS /74LS193) 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
SYMBOL PARAMETER 9LS192 9LS193 UNITS TEST CONDITIONS 
pwn T ve [max [Min] TP [Max 
wax | Meimcoonreneny [wo [© | [we [ef [mm | fot 
tpLH CPy Input to 10 16 16 
tpHL TCy Output 14 21 21 
tpLH CPpb Input to 16 10 16 Fig. 2 
tpHL TCp Output 22 15 22 
tpLH CPy or CPp to 22 31 22 31 
tp Q,, Outputs 18 28 18 28 Vec = 5.0 V 
tpLH Po = P3 Inputs Fig. 3 Cy = 15 pF 
tpHL Qo ~ Q30utputs 
tpl PL Input to 23 32 23 32 
tpHL Any Output 17 25 17 25 


AC SET-UP REQUIREMENTS: Ta, = 25°C 


LIMITS 
SYMBOL PARAMETER 9LS192 9LS193 TEST CONDITIONS 
mo a aap 

ww fovemmm fo | | fet ft = te, 

ww [eommman | | | tw) || = 

w [Arman fe | fp] |) | 

w | mmraewam | ve | [pw] || = | me? 

| sewtmeiow omer! of | pm] | | = | | Yeesev 
vt | toernetow omen [oe | [| oe] | | = | ree 

| Sew tienen ooweR| vo [ [| | [fm 

iit [ HomrimenoH owweR | off «||| = 

vee [ Peoria reer | | | | | | | = | ee 

ios | Peeve newer || P|) 


DEFINITIONS OF TERMS: 


SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the PL transistion from LOW-to-H!GH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) is defined as the minimum time following. the PL transistion from LOW-to-HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the PL transistion from LOW-to-HIGH and still be recognized. 


RECOVERY TIME (t,a,) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the QO outputs. 
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AC WAVEFORMS 
; tw 
CPy or CPp 1.3V 1.3V 
rn PLH 
Q 1.3V 1.3V 
Fig. 1 
P 1.3V 


NOTE: PL = LOW 


Fig. 2 Fig. 3 


Fig. 4 Fig. 5 
*h(H) am th.) M 1.3V 
PL : 13V " ma rhea 
| CPy or CPp 1.3V 
4 Q 1.3V 
*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Fig. 6 Fig. 7 


9LS194(54LS/74LS194A) 
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 


DESCRIPTION — The 9LS194 (54LS/74LS194A) is a High Speed 4-Bit Bidirectional 
Universal Shift Register. As a high speed multifunctional sequential building block, it is 
useful in a wide variety of applications. It may be used in serial-serial, shift left, shift 
right, serial-parallel, parallel-serial, and parallel-parallel data register transfers. The 9LS194 
is similar in operation to the 9LS195 Universal Shift Register, with added features of shift 
left without external connections and hold (do nothing) modes of operation. It utilizes 
the Schottky diode clamped process to achieve high speeds and is fully compatible with 
all Fairchild TTL families. 


LOGIC SYMBOL 


Og Q7 QZ 3 


TYPICAL SHIFT FREQUENCY OF 40 MHz 

ASYNCHRONOUS MASTER RESET 

HOLD (DO NOTHING) MODE 

FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


16 14 13 12 


Voc = Pin 16 
GND=Pin 8 


CONNECTION DIAGRAM 


PIN NAMES LOADING (Note a) DIP (TOP VIEW) 
So, 34 Mode Control !nputs 

Po - P3 Parallel Data Inputs 

Der Serial (Shift Right) Data Input 

Dep Serial (Shift Left) Data Input 

CP Clock (Active HIGH Going Edge) Input 

MR Master Reset (Active LOW) Input 

Op — Oz Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L. 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 


Vec = Pin 16 
GND =Pin 8 
© = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the 
9LS194 4-Bit Bidirectional Shift Register. The 9LS194 is similar in operation to the Fairchild 9LS195 Universal Shift 
Register when used in serial or parallel data register transfers. Some of the common features of the two devices 

are described below: 


1. All data and mode control inputs are edge-triggered, responding only to the LOW to HIGH transition of the Clock (CP). 
The only timing restriction, therefore, is that the mode control and selected data inputs must be stable one set-up time 
prior to the positive transition of the clock pulse. 


2. The register is fully synchronous, with all operations taking place in less than 15 ns (typical) making the device especially 
useful for implementing very high speed CPUs, or the memory buffer registers. 


3. The four parallel data inputs (Po, Py, P5, P3) are D-type inputs. When both So and S, are HIGH, the data appearing on 
Po, Py, Po, and P3 inputs is transferred to the Qo, Q4, Qo, and Qx3 outputs respectively following the next LOW to HIGH 
transition of the clock. 


4. The asynchronous Master Reset (MR), when LOW, overrides all other input conditions and forces the Q outputs LOW. 
Special logic features of the 9LS194 design which increase the range of application are described below: 


1. Two mode control inputs (Sg, S;) determine the synchronous operation of the device. As shown in the Mode Selection 
Table, data can be entered and shifted from left to right (shift right, Qg — Q4, etc.) or right to left (shift left, 0g > Qo, 
etc.), or parallel data can be entered loading all four bits of the register simultaneously. When both Sg and Sq are LOW, 
the existing data is retained in a “‘do nothing’’ mode without restricting the HIGH to LOW clock transition. 


2. D-type serial data inputs (Dor, Ds;) are provided on both the first and last stages to allow multistage shift right or shift 
left data transfers without interfering with parallel load operation. 


MODE SELECT — TRUTH TABLE 


INPUTS OUTPUTS 
OPERATING MODE 


Shift Left 
Shift Right 


Parallel Load 


L = LOW Voltage Level 

H= HIGH Voltage Level 

X = Don’t Care 

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition 

h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition 

Pn (qn) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 
LOW to HIGH clock transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5Vtot+7.0V 
*Input Voltage (dc) —0.5Vtot+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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GUARANTEED OPERATING RANGES 


Sam emeaene SUPPLY VOLTAGE (Vcc) 
MIN TYP MAX 


9LS194XM /54LS194AXM 4.5 V 5.0 V 55°C to +125°C 
9LS$194XC/74LS194AXC 4.75 V 5.0 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


TEMPERATURE 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 


LIMITS 
SYMBOL PARAMETER MIN UNITS TEST CONDITIONS (Note 1) 
Guaranteed Input HIGH 
Vin Input HIGH Voltage 2.0 if oe 
Voltage for All Inputs 
XM Guaranteed Input LOW 
ViL Input LOW Voltage Ee ee oe 
XC Voltage for All Inputs 
Vep é Input Clamp Diode Voltage Vec = MIN, lin = -18 MA 


Vec = MIN, Ion = —400 MA 


VOH Output HIGH Voltage 
XM 
Output LOW Voltage 


NIN oS 
~J i Ol 


NH Input HIGH Current p— 

We ‘Input LOW Current — Veo = MAX, Vin=04V 
los eee 2 ~15 Voc = MAX Voy = OV 

loc Power Supply Current ee 15 Vee= MAX ee 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘’worst case’’ conditions. 

3. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these ‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: TAR = 25°C 


LIMITS 


PARAMETER 


Propagation Delay, Fig. 1 Veco = 5.0 V | 
Clock to Output | 


Propagation Delay, 
MR to Output 


SYMBOL TEST CONDITIONS 


Fig. 2 
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AC SET-UP REQUIREMENTS: T, = 25°C 


| LIMITS 
MIN | TYP MAX 


tyACP) | Clock Pulse Width 18 12. | ns 
t,(Data) Set-up Time, Data to Clock | 16 | 
ns 


t),(Data) Hold Time, Data to Clock QO pone 

t,(S) Set-up Time, Mode Controi to Clock 20 ee ae ns Fig A Veco = 5.0 V 
ee ee eee 

trec(MR) Recovery Time Master Reset to Clock 18 12 ns | 


t,(S) Hold Time, Mode Control to Clock Loe A 


SYMBOL PARAMETER UNITS TEST CONDITIONS 


DEFINITIONS OF TERMS: 
SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (t,,,) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the O outputs. 


AC WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output pe*formance. 
CLOCK TO OUTPUT DELAYS — SET-UP (ts) AND HOLD (ty) TIME FOR SERIAL 
CLOCK PULSE WIDTH AND finax DATA (Dspr, Ds_) AND PARALLEL DATA (Po, P37, P2, P3) 
So (om om ame IS SHIFT LEFT ) 
aaa L SS ee ee 


1.3V - 
CLOCK 


1.3V 
ee 
he | =HLHme| 
OUTPUT 
1.3V 13V 


OTHER CONDITIONS: $,=L,MR=H,Sg=H 
Fig. 1 
MASTER RESET PULSE WIDTH, 


MASTER RESET TO OUTPUT DELAY AND 
MASTER RESET TO CLOCK RECOVERY TIME 


OTHER CONDITIONS: MR=H 
*DgR set-up time affects Qg only 
Dg. set-up time affects Q3 only 


tw ap . F ig. 3 
| es 1 as ~ 
CLOCK 


e SET-UP (t,) AND HOLD (t,) TIME FOR S INPUT 
| tpy jas (STABLE TIME) 
OUTPUT 
1.3V So, $1 : \43v 
fue ts |e 
th = 0- th =0 
OTHER CONDITIONS: So,84=H oo 
CLOCK : 13V 


Po = Py =P2=P3=H 


OTHER CONDITIONS: MR=H 
Fig. 2 Fig. 4 


9LS195 (54LS/74LS195A) 
UNIVERSAL 4-BIT SHIFT REGISTER 


DESCRIPTION — The 9LS195 (54LS/74LS195A) is a high speed 4-Bit Shift Register 
offering typical shift frequencies of 50 MHz. It is useful for a wide variety of register and 
counting applications. The 9LS195 is pin and functionally identical to the 9300, 93L00, 
93HOO and 54/74195. It utilizes the Schottky diode clamped process to achieve high 
speeds and is fully compatible with all Fairchild TTL products. 


LOGIC SYMBOL 


TYPICAL SHIFT RIGHT FREQUENCY OF 50 MHz 

ASYNCHRONOUS MASTER RESET 

J, K INPUTS TO FIRST STAGE 

FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS Vcc = Pin 16 
FULLY TTL AND CMOS COMPATIBLE N 


1 15 14 13 12 


ye Pin 8 


Sac td e cD 


PIN NAMES LOADING (Note a) Pl! VIEW) 


‘hh 


0.25 U.L. 
0.25 ULL. 
0.25 U.L. 
6(2.5) U.L. 
5(2.5) U.L. 


J First Stage J (Active HIGH) Input 
MR Master Reset (Active, 
te 10 ULL. 
Hy, 4 i, 
(Mote b) : 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. pinouts (Connection Diagram) as the 


PE Parallel Enable (Active LOW) Input 
Po — P3 Parallel Data Inputs 
K First Stage K (Active LOW) Input gw, ) D5 UA. 
cP Clock (Active HIGH Going Edge)" mut 0.5 ULL. 
silt i) Hh, iy i, = 

OW tnput™ 0.5 UL. 
Qo — Q3 Parallel Outpyaes (N y) 
— gpl, "Jaggi ih 
Q3 Complefigrt al Jphast Stage Output 10 U.L. 

‘ atl NOTE: 
_ NOTES: The Flatpak version has the same 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) Dual In-Line Package. 
Temperature Ranges. 


LOGIC DIAGRAM = 
PE J K Pg Py 
@] @| @| @ © © 
\/ 


anil 
ea 
¥ 


Vec = Pin 16 
GND=Pin 8 
© = Pin Numbers 


Qo Q4 
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FAIRCHILD @ 9LS195 (54LS/74LS195A) 


FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the 9LS195 
4-Bit Shift Register. The device is useful in a wide variety of shifting, counting and storage applications. It performs serial, 
parallel, serial to parallel, or parallel to serial data transfers at very high speeds. 


The 9LS195 has two primary modes of operation, shift right (Qg — Q4) and parallel load which are controlled by the state of 
the Parallel Enable (PE) input. When the PE input is HIGH, serial data enters the first flip-flop Qo via the J and K inputs and 
is shifted one bit in the direction Qo ea = Q5> Q3 following each LOW to HIGH clock transition. The JK inputs provide 
the flexibility of the JK type input for special applications, and the simple D type input for general applications by tying the 
two pins togethers. When the PE input is LOW, the 9LS195 appears as four common clocked D flip-flops. The data on the 
parallel inputs Po, P41, Py, Pg is transferred to the respective Qo, 4, Qo, Q3 outputs following the LOW to HIGH clock 
transition. Shift left operation (O3> Q>5) can be achieved by tying the Q, outputs to the P,_4 inputs and holding the PE 
input LOW. : 


All serial and parallel data transfers are synchronous, occuring after each LOW to HIGH clock transition. Since the 9LS195 
utilizes edge-triggering, there is no restriction on the activity of the J, K, P,, and PE inputs for logic operation — except for 
the set-up and release time requirements. 


A LOW on the asynchronous Master Reset (MR) input sets all Q outputs LOW, independent of any other input condition. 


MODE SELECT — TRUTH TABLE 


OPERATING MODES 


Asynchronous Reset 


Shift, Set First Stage 
Shift, Reset First Stage 
Shift, Toggle First Stage 
Shift, Retain First Stage 


Parallel Load 


.L= LOW voltage levels 

H = HIGH voltage levels 

X = Don’t Care 

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition. 

h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition. 

Ph (q,) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the 
LOW to HIGH clock transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to 125°C 
Vcc Pin Potential to Ground Pin —0.5Vtot7.0 V 
*Input Voltage (dc) —0.5V to +15 V 
*Input Current (dc) | | —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 Vto+10 V 


Output Current (dc) (Output LOW) | 7 +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 
TEMPERATURE 
ee ete eee ne ue ; 


9LS195XC/74LS195AXC 4.75 V 65.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD e 9LS195 (54LS/74LS195A) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Vin Input HIGH Voltage 


Vip Input LOW Voltage 


Guaranteed Input HIGH 
Voltage for All Inputs 


ES 
2 
Cc 
z 
2/5 
mom nee) 
z 
> 
x< 


x 1X 
; : 
Oo 

~N 


Guaranteed Input LOW 
Voltage for All Inputs 


| 
B 
Oo 
on 
me 
oO 
< 


Vec = MIN, lin =-18mMmA 
Vcc = MIN, lon = —400 UA 


Input Clamp Diode Voltage 


< 
2) 
0 


Output HIGH Voltage 


XM,XC 
Output LOW Voltage | XMXC | 


Vin = Vin or Vip per Truth Table 


V lo = 4.0 mA | Vec = MIN, Vin = VIH or 


< 
O 
a 
x | xX 
i 
Nid 
N[o 
w | 
ALA 
ls 


VOL = 
20 A V = MAX, Vin) = 2.7 V 
i" err ae a a ee IN 
Output Short Circuit 
| —15 A Ver = MAX, V =OV 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘’worst case’’ value for the parameter. Since these “‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ty = 25°C 


SYMBOL LIMITS 


Propagation Delay, 
Clock to Output 


LIMITS 
SYMBOL PARAMETER IT T NDITION 
ns 


tyACP) | Clock Pulse Width a 


a 
wi | Mostrnest use wan |_| «dt 


FAIRCHILD ¢ 9LS195 (54LS/74LS195A) © 


SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to 
the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must 
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic 
level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


RECOVERY TIME (tra¢) is defined as the minimum time required between the end of the reset pulse and the clock 
transition from LOW to HIGH in order to recognize and transfer HIGH data to the O outputs. 


AC WAVEFORMS 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


CLOCK TO OUTPUT DELAYS SET-UP (ts) AND HOLD (t;,) TIME FOR SERIAL 
AND CLOCK PULSE WIDTH DATA (J & K) AND PARALLEL DATA (Po, P14, Po, P3) 


J&K 


1.3V 1.3V cao 
"PHL Pu . — ali | 
OUTPUT ~ —| th(L) = 0 -ty(H) = 0 
1.3V 1.3V nay ae 
CLOCK 
OUTPUT* a. ee a cee 
CONDITIONS: J=PE=MR=H CONDITIONS: MR=H 

K=L 


*J and K set-up time affects Oo only 
Fig. 1 | | Fig. 2 
MASTER RESET PULSE WIDTH, 


MASTER RESET TO OUTPUT DELAY AND SET-UP (t,) AND HOLD (t,) TIME FOR PE INPUT 
MASTER RESET TO CLOCK RECOVERY TIME 


a t — LOAD SERIAL DATA 
_ Ww LOAD PARALLEL DATA | | SHIFT RIGHT 
MR 


PE 1.3 V 1.3V 
| | | 
; t.(L) tg(H)} 
=) t,(L) t,{H) 


1.3V CLOCK 1.3V 1.3V 
CLOCK 


OUTPUT 
1.3V OUTPUT 
CONDITIONS: PE=L CONDITIONS: MR=H _ 
Po =P, =P9=P3=H “Qo state will be determined by J and K inputs 
Fig. 3 Fig. 4 
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9LS196 (54LS/74LS196) 
9LS197 (54LS/74LS197) 
4-STAGE PRESETTABLE RIPPLE COUNTERS 


DESCRIPTION — The 9LS196 (54LS/74LS196) decade counter is partitioned into 
divide-by-two and divide-by-five sections which can be combined to count either in BCD 
(8,4, 2,1) sequence or in a bi-quinary mode producing a 50% duty cycle output. The 
9LS197 (54LS/74LS197) contains divide-by-two and divide-by-eight sections which can 
be combined to form a modulo-16 binary counter. Low Power Schottky technology is 
used to achieve typical count rates of 70 MHz and power dissipation of only 80 mW. 


Both circuit types have a Master Reset (MR) input which overrides all other inputs and 
asynchronously forces all outputs LOW. A Parallel Load input (PL) overrides clocked 
operations and asynchronously loads the data on the Parallel Data inputs (P,,) into the 
flip-flops. This preset feature makes the circuits usable as programmable counters. The 
circuits can also be used as 4-bit latches, loading data from the Parallel Data inputs when 
PL is LOW and storing the data when PL is HIGH. 


e LOW POWER CONSUMPTION — TYPICALLY 80 mW 

e HIGH COUNTING RATES — TYPICALLY 70 MHz 

e¢ CHOICE OF COUNTING MODES — BCD, BI-QUINARY, BINARY 

e ASYNCHRONOUS PRESETTABLE 

e ASYNCHRONOUS MASTER RESET 

e EASY MULTISTAGE CASCADING 

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 


e FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 
HIGH LOW 

CPo Clock (Active LOW Going Edge) 1.0 ULL. 1.5 ULL. 
Input to Divide-by-Two Section 

CP, Clock (Active LOW Going Edge ) 20:0. 1.75 ULL. 
Input to Divide-by-Five Section 

CP, Clock (Active LOW Going Edge) 1.0 ULL. 1.0 ULL. 
Input to Divide-by-Eight Section 

MR Master Reset (Active LOW) Input 1.0 ULL. 0.5 ULL. 

PL Parallel Load (Active LOW) Input 0.5 ULL. 0.25 ULL. 

Po-P3 Data Inputs 0.5 U.L. 0.25 U.L. 

Q9-03 Outputs (Notes b, c) 10 U.L. 5(2.5) U.L. 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 7 

c. In addition to loading shown, Qo can also drive CP,. 
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LOGIC SYMBOL 


Po P Po Px 


Qg O41 Ag Q3 


Vcc = Pin 14 
GND =Pin 7 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD e 9LS196 (54LS /74LS196) e 9LS197 (54LS /74LS197) 


LOGIC DIAGRAM 


(3) 7 [omnes . a 2 (3) P31) 
MR 


Pt ae 


() = 
: eee Le | th — Sd a 
K Cp O re) Cp 0} he = a 
@ C) C) 
(2) a, @ 


Q4 @) Qo 


9LS196 


(3) Po (4) Py Po G) Py (a) 


ee | eee | ee 
A ——« it u i Hl 
O- a ion JU UU + | 8 


(6) a, ©) a, @) a, ©) Q3 (12) 


9LS197 


Vcc = Pin 14 
GND= Pin 7 
O = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The 9LS196 and 9LS197 are asynchronously presettable decade and binary ripple 
counters. The 9LS196 Decade Counter is partitioned into divide-by-two and divide-by-five sections while the 9LS197 is 
partitioned into divide-by-two and divide-by-eight sections, with all sections having a separate Clock input. In the counting 
modes, state changes are initiated by the HIGH to LOW transition of the clock signals. State changes of the O outputs, 
however, do not occur simultaneously because of the internal ripple delays. When using external logic to decode the O 
outputs, designers should bear in mind that the unequal delays can lead to decoding spikes and thus a decoded signal should 
not be used as a clock or strobe. The CP9 input serves the Qg flip-flop in both circuit types while the CP input serves the 
divide-by-five or divide-by-eight section. The Qg output is designed and specified to drive the rated fan-out plus the CP} 
input. With the input frequency connected to CPo and with Qg driving CP}, the 9LS197 forms a straightforward module-16 
counter, with Qo the least significant output and Q3 the most significant output. 


The 9LS196 Decade Counter can be connected up to operate in two different count sequences, as indicated in the tables of 
Figure 2. With the input frequency connected to_CPp and with Qo driving CP4, the circuit counts in the BCD (8, 4, 2, 1) 
sequence. With the input frequency connected to CPy and Q3 driving CPp, Og becomes the low frequency output and has a 
50% duty cycle waveform. Note that the maximum counting rate is reduced in the latter (bi-quinary) configuration because 
of the interstage gating delay within the divide-by-five section. 


The 9LS196 and 9LS197 have an asynchronous active LOW Master Reset input (MR) which overrides all other inputs and: 


forces all outputs LOW. The counters are also asynchronously presettable. A LOW on the Parallel Load input (PL) overrides 
the clock inputs and loads the data from Parallel Data (Po — P3) inputs into the flip-flops. While PL is LOW, the counters act 
as transparent latches and any change in the Pa inputs will be reflected in the outputs. 


Figure 2: 9LS196 COUNT SEQUENCES 


DECADE (NOTE 1) | BI-QUINARY (NOTE 2) 
COUNT Q3 Qo Q, Qo | count | Qo Q3 Qo Q, 
0 L L L L 0 L L i‘ L 
1 L L L H 1 L L E H 
2 L L H L 2 L L H 5 
3 L L H H 3 L L H H 
4 L H L L 4 L H L L 
5 L H L H 5 H L iL L 
6 L H H L 6 H L L H 
7 L H H H 7 H L H C 
8 H L L L 8 H L H H 
9 H L L H 9 H H L L 
NOTES: 
1. Signal applied to CPg, Qg connected to CP. 
2. Signal applied to CP;, Q3 connected to CPo. 
MODE SELECT TABLE 


INPUTS 


Reset (Clear) 
Parallel Load 


Count 


HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 

HIGH to Low Clock Transition 


fou wou 
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| ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin — 0.5 V to +7.0V 
*Input Voltage (dc) —0.5Vtot15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) ~~ —0.5 Vto +10 V 
Output Current (dc) (Output LOW) +50 mA 

*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES | | 

, | SUPPLY VOLTAGE (V¢c) | 

ere 

| r NUMBERS TYP MAX TEMPERATURE _ 

91S196XM/54LS196XM : 

9LS197XM /54LS197XM | 45 V 5.0V 5.5 V —55°C to +125°C 

9LS196XC / 74LS196XC ™ 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
SYMBOL PARAMETER TaN | —{ UNITS | TEST CONDITIONS (Note 1) 
TYP | MAX 
Guaranteed Input HIGH Voltage 
H Vol 2. 
XM 0.7 d| Vol 
Vep _|_ Input Clamp Diode Voltage | f-oes | 1.5 | ov | Veg =MIN, hy =-18 mA 
IN ~ Vin OF Vit 
VoL | Output Low Voitage | XMixC | | 025 | 04 |v | to =40mA | Vcc = MIN, VIN = Vie oF 
Input HIGH Current 
PL, Pg, Py, Po, P3 20 
MR, CPo, CP, (LS197) 40 uA Vec = MAX, Vin = 2.7 V 
CP, (LS196) 80 
HH = | 
PL Fo. Pr. BF - 
MR, CPo, CP, (LS197) 0.2 mA Vec = MAX, VIN = 10 V 
CP, (LS196) 0.4 | 
Input LOW Current 
PL, Po, Py, Po, P3 
MR 
He CPo mA Vcc = MAX, Vin = 0.4 V 
CP, (LS196) 
CP, (LS197) | 
Output Short Circuit 
I = MA} = 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. . 

4. Typical limits are at Voc ='5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 
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AC CHARACTERISTICS: Ty, = 25°C 


LIMITS 
SYMBOL PARAMETER 9LS197 UNITS TEST CONDITIONS 
TYP | MAX 


Tina Input Count Frequency AHz Fig. 1 


tpLH CPo Input to 
tpHL Qo Output 


co 
ad 
op) 
—, 
<e) 
Oo 


a+ 
re 
cro 
ES 
=— W 
W W 
ee 
NN 
Wo 
GQ w 
88 


NO 
8 
ie) 
« 


+ 
< 
m?) 
< 
> 
x< 
< 


© © 
oe) 
= = 
NO DO 


tpLH CP, Input to 9.0 14 9.0 14 
tpHL Q, Output 9.0 14 9.0 14 

CP, Input to Fig. 1 

Q5 Output Vec = 5.0 V 
tpLH CP, Input to C, = 15 pF 


tpHL Q3 Output 


tpLH Po, Py, Po, P3 Inputs Fig. 2 


teu Qo, Q1, Q9g, Q3 Outputs 


N —_ 
f O 
RO GQ = 


tpLH PL Input to 
tpHL Any Output 


Fig. 3 


N= 
Aho 
io) 
a 


toy, R Input to Any Output Fig. 4 


AC SET-UP REQUIREMENTS: T, = 25°C 
LIMITS 


SYMBOL PARAMETER LS196 9LS197 UNITS TEST CONDITIONS 


eee Ee ee 
a 


i<e) 


= 
Fle 


CPo Pulse Width 


ty CP, Pulse Width 


IN 
24 


n 
a 
© 
_ 


5 
n 


oe 
lad 
Pa 
ty PL Pulse Width Pie | | [ae | } ons | Fig. 3 
tw MR Pulse Width Pe eng | ons Fig. 4 
fol Set-up Time LOW Data to PL Pie ee ee Vec = 5.0 V 
thal Hold Time LOW Data to PL peo} | feof | | ms | Fig. 5 
tgH Set-up Time HIGH Data to PL pao; | 8.0 pons 
tyH Hold Time HIGH Data to PL See 
tos | teowntinerewer Te [| fe | [re 
ies Recovery Time MR to CP 18 ae eft fe 


DEFINITIONS OF TERMS: 


SET-UP TIME (ts) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 


HOLD TIME (t,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 


RECOVERY TIME (tree) — is defined as the minimum time required between the end of the reset pulse and the clock 
transition from HIGH to LOW in order to recognize and transfer LOW Data to the Q outputs. 
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AC WAVEFORMS 
cP 1.3V 1.3V 
tW(H) 
| PLH 
PHL 
fe) 1.3V 1.3V 
Fig. 1 


> a, a 
Bal tpHL aa B tPLH 
co a ie a 
t 
NOTE: PL =LOW 


Fig. 2 : Fig. 3 


Pa Ya Y fp 


PLOR MR 13V 
tw elec >| 
PL 1.3V 
cP 1.3V | 
paauae eenean 
(/ 
Mii Cid 
: po. 
Q 1.3V 
*The shaded areas indicate when the input is permitted 
to change for predictable output performance. 
Fig. 4 | Fig. 5 


9LS251 (54LS/74LS25]1) 
8-INPUT MULTIPLEXER WITH 3-STATE OUTPUTS 


DESCRIPTION — The TTL/MSI 9LS251 (54LS251/74LS251) is a high speed 8-Input 
Digital Multiplexer. It provides, in one package, the ability to select one bit of data from LOGIC SYMBOL 

up to eight sources. The 9LS251 can be used as a universal function generator to generate ) 1 15 14 13-12 
any logic function of four variables. Both assertion and negation outputs are provided. 


gt Age Lge Nee lige hy 


e SCHOTTKY PROCESS FOR HIGH SPEED 
e MULTIFUNCTION CAPABILITY 
e ON-CHIP SELECT LOGIC DECODING Yew Place 
e INVERTING AND NON-INVERTING 3-STATE OUTPUTS SND Ente 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
e FULLY TTL AND CMOS COMPATIBLE CONNECTION DIAGRAM 
DIP (TOP VIEW) 
PIN NAMES LOADING (Note a) 
So — $2 Select Inputs 0.5 ULL. 0.25 ULL. 
Eo Output Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 
Io -—l7 Multiplexer Inputs 0.5 ULL. 0.25 U.L. 
Z Multiplexer Output (Note b) 65 (25) ULL. 5 (2.5) ULL. 
Zz Complementary Multiplexer Output 65 (25) ULL. 5 (2.5) ULL. 
(Note b) 
NOTES: NOTE: 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. The Flatpak version has the same 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) pinouts (Connection Diagram) as the 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. for Dual In-Line Package. 


Commercial (XC) Temperature Ranges. 


p> "© fo §o fo §e °@ 9 
sce oor set ae ase iS | 


—o—i—— | 
o> tt 
a | Cama 0 Se Re | | a | 1c | a 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The 9LS251 is a logical implementation of a single pole, 8-position switch with the switch 
position controlled by the state of three Select inputs, Sg, Sy, Sg. Both assertion and negation outputs are provided. The 
Output Enable input (EQ) is active LOW. When it is activated, the logic function provided at the output is: 


Z= Eo: (I9°59°S4 "So +14 "So°Sy "So + Ip*So°Sy "So + 13°SQ°S4 "So + 
14*Sq°S4 "So + 15°Sq*S4°Sg + Ig*SQ°S4 "Sz + 17°Sq°Sy°S9). 


When the Output Enable is HIGH, both outputs are in the high impedance (high Z) state. This feature allows multiplexer 
expansion by tying the outputs of up to 128 devices together. When the outputs of the 3-state devices are tied together, all 
but one device must be in the high impedance state to avoid high currents that would exceed the maximum ratings. The 
Output Enable signals should be designed to ensure there is no overlap in the active LOW portion of the enable voltages. 


TRUTH TABLE 


4 I5 lg \7 2 Z 
H X X x Xx xX Xx Xx Xx »4 X x Z): «(2 
L L L. L L Xx Xx x x x Xx Xx H L 
L L L L H 4 » 4 4 » 4 X x 4 L H 
L L L H xX L x 4 x xX x xX H L | 
L L L H Xx H x Xx X x x Xx L H 
L L H L X Xx L Xx »4 x x Xx H L 
L L H L x Xx H xX Xx Xx xX Xx L H 
L L H H Xx x x L Xx x x Xx H b 
es L H H x Xx x H X x Xx Xx L. eH 
L H L L Xx Xx x Xx L x x x H L 
L H L i Xx Xx x xX H x Xx Xx L H 
L H L H Xx x x Xx x L Xx x H L 
L H L H x x x X x H x Xx L H 
L H H L Xx x Xx Xx X x L Xx H L 
L H H L x X x xX X x H x L H 
L H H H x x x Xx x x x L H L 
L H H H Xx X x X Xx Xx Xx H L H 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
(Z) = High Impedance (Off) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias . —55°C to 125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vto +15 V 
*Input Current (dc) —30 mA to +5.0mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS SUPE VORAGE cc! TEMPERATURE 


9LS251XC/74LS251XC 4.75 V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD @ 9LS251 (54LS/74LS251) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
P 


SYMBOL PARAMETER UNITS | TEST CONDITIONS 


< 


Guaranteed Input HIGH Voltage 


HIGH Vol 
VIH Input HIGH Voltage for All Inputs 


lag 
fo) 


7 
Ors 


7 Guaranteed Input LOW Voltage 


VIL Input LOW Voltage foc Alneuts 


—0.65 
3.4 
3.1 


0.25 
0.35 


Input Clamp Diode Voltage —1.5 Vec = MIN, liq = -18 mA 


lon =—-1.0mA Vcc _ MIN, VIN = VIH or 
lon = —2.6 mA | Vi_ per Truth Table 
lol = 4.0 mA |Vcc= MIN, Vin = Vip or 
lo, = 8.0 mA | Vi; per Truth Table 


WA | Voc = MAX, Voyt = 2.7 V. VE = 2.0 V 
A | Voc = MAX, Voy = 0.4 V, VE = 2.0 V 


A | Voc = MAX, Vin = 2.7 V 
mA | Voc = MAX, Viy = 10 V 


< 
2) 
oO 


x< 


M 
C 


XM,XC 


2.4 
2.4 


x< 


VoH Output HIGH Voltage 


0.4 
VOL Output LOW Voltage 


x 
io) 


lOZH Output Off Current HIGH 20 


lOzL Output Off Current LOW 


| 
NO 
oO 
g 


N 
co) 
3g 


NH Input HIGH Current 


Input LOW Current mA Vec = MAX, Vin = 0.4 V 


' Output Short Circuit 
SC Current (Note 5) 


a 
on 
> 


Power Supply Current, 
Outputs LOW 

Power Supply Current, 
Outputs Off 


a 


NS 
— 


lec 


awk 


(o>) 
awk 
| 
o|° 
i) Si 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the “worst case’’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 

ite RRM. | eae I ek ee 

: ea 
11 20 


tpl Propagation Delay, 
tpHL Select to Z Output 23 33 


Fig. 1 


ITS 

ns 

tery Propagation Delay, ns 
tpHL Select to Z Output 


tpLH Propagation Delay, 
tpHL Data to Z Output 


tpLy Propagation Delay, 
tpHL Data to Z Output 


tpzy Output Enable Time 


27 ig. 
23 
12 20 ns Figs. 4, 5 C; = 15 pF 
to HIGH Level 
tp7i Output Enable Time 17 25 Figs. 3, 5 Ry = 2 kQ 
to LOW Level! 


from LOW Level 
tpHz Output Disable Time Figs. 4, 5 Ry =2kQ 


from HIGH Level 
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FAIRCHILD ¢ 9LS251 (54LS/74LS251) 


3-STATE AC WAVEFORMS 


AC LOAD CIRCUIT 


SWITCH POSITIONS 


SYMBOL SW2 


Open Closed 


Closed Open 
Closed Closed 


Closed Closed 


TO OUTPUT 
UNDER TEST 


*tncludes Jig and Probe Capacitance. 
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9LS253 (54LS/74LS253) 
DUAL 4-INPUT MULTIPLEXER 


WITH 3-STATE OUTPUTS 


DESCRIPTION — The LSTTL/MS!I 9LS253 (54LS/74LS253) is a Dual 4-Input 
Multiplexer with 3-state outputs. It can select two bits of data from four sources using 
common select inputs. The outputs may be individually switched to a high impedance 
state with a HIGH on the respective Output Enable (Eq) inputs, allowing the outputs to 
interface directly with bus oriented systems. It is fabricated with the Schottky barrier 
diode process for high speed and is completely compatible with all Fairchild 
TTL families. 


SCHOTTKY PROCESS FOR HIGH SPEED 

MULTIFUNCTION CAPABILITY 

NON-INVERTING 3-STATE OUTPUTS 

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 
LOW 


So, $1 Common Select Inputs 0.5 ULL. 0.25 ULL. 
Multiplexer A , 
Ega Output Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 
loa — '!3a Multiplexer Inputs 0.5 U.L. 0.25 U.L. 
Zs Multiplexer Output (Note b) 65(25) ULL. 5(2.5) ULL. 
Multiplexer B : 

EQp Output Enable (Active LOW) Input 0.5 ULL. 0.25 ULL. 
lob — lap Multiplexer Inputs 0.5 U.L. 0.25 ULL. 
Zp Multiplexer Output (Note b) 65(25) U.L. 5(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for 
Commercial Temperature Ranges. 


LOGIC DIAGRAM 


EQb 13b lob Mb lob S 


Lo |}® [© | |® [© 
\/ 


S) 13a 12a Ma '0a Eo 


yPPP Pe 


= Pin Numbers 


5-99 


LOGIC SYMBOL 


10 11 12 13 «15 


So 0? loa Wa '2a '3a 'Ob '1b !2b 13b Eob 


Vcc = Pin 16 
GND =Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD ¢ 9LS253 (54LS/74LS253) 


FUNCTIONAL DESCRIPTION — The 9LS253 contains two identical 4-Input Multiplexers with 3-state outputs. They select 
two bits from four sources selected by. common select inputs (So, S1). The 4-input multiplexers have individual Output 
Enable (Eg,, Egp) inputs which when HIGH, forces the outputs to a high impedance (high Z) state. 


The 9LS253 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined by the 
logic levels supplied to the two select inputs. The logic equations for the outputs are shown below: 

Za=Eqa’ (loa * S1° Sot !ya* $1° Sgt loa * $y * Sot !3 ° Sq * So) 

Zp = Eob * (lob * 81 * Sot lb * $1 * So + lap * $1 * So + lap * $4 * So) 
If the outputs of 3-state devices are tied together, all but one device must be in the high impedance state to avoid high 


currents that would exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose 
outputs are tied together are designed so that there is no overlap. — 


TRUTH TABLE 


= 
X Xx Xx X x Xx H (2) 
L. L L X Xx Xx i L 
L. L H x x x L H 
-H L X L x x L L 
H L xX H Xx Xx L H 
L H Xx Xx L Xx L L 
L H X X H Xx L H 
H H Xx Xx Xx L L L 
H H Xx Xx x H L H 


H = HIGH Level 

L = LOW Level 

X = Irrelevant 

(Z) = High Impedance (off) 


Address inputs Sg and S_ are common to both sections. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature | —65 C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —O0.5Vto+7.0V 
*Input Voltage (dc) —0.5V to +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5V to+10V 


Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS SURRY y CEIBCE ce: TEMPERATURE 


a a 
9LS253XC /74LS253XC 4.75 V | 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD @ 9LS253 (54LS/74LS253) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 

SYMBOL PARAMETER [tye | 

Vin Input HIGH Voltage 2.0 Ye | 
p= om 


XM 
Vib Input LOW Voltage “a 


Vep Input Clamp Diode Voltage 


XM 


UNITS | TEST CONDITIONS 


Guaranteed Input HIGH Voltage 
for All Inputs 


NIN 
ATs 
E 
© 
(o>) 
on 


Guaranteed Input LOW Voltage 
for All Inputs 


Vcc = MIN, lin =-18 mA 


V IOH =—-1.0 mA Vec = MIN, VIN = Vin or 
lon = ~2.6 mA] Vi, per Truth Table 
lol = 4.0 mA | Vcc = MIN, Vin = ViH or 
lor = 8.0mA | Vi, per Truth Table 


uA | Voc = MAX, Voyt = 2.7 V, Ve = 2.0 V 
uA | Veco = MAX, Vout = 0.4 V, VE = 2.0 V 
WA | Veo = MAX, Vin = 2.7 V 
mA | Voc = MAX, Viy = 10 V 


VOH Output HIGH Voltage 


XM,XC 
VOL Output LOW Voltage 


x 
oO 


O 


E 

G 

a1 
sie 
i) 
oO 


lOZH Output Off Current HIGH 


LS) 
© 


lozL Output Off Current LOW 


Nyy Input HIGH Current 
Ne Input LOW Current 


| Output Short Circuit 15 
SC Current (Note 5) 


Power Supply Current, 
Outputs LOW 


mA Vec ae MAX, VIN =0.4V 


re 
j 100, mA Vec = MAX, VOUT =OV 


Vcc = MAX, Vin = OV, VeE=OV 


3 


NSN 
ie) 
NO 
i ete 


Power Supply Current, 
Outputs Off 


Oy: 
or 
om 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case”’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C (See Page 5-98 for Waveforms) 


LIMIT 
a 

tpLH Propagation Delay, 15 Fig. 1 C; = 15 pF 
tpHL Data to Output 15 
tpLH Propagation Delay, 20 29 Fig. 1 C,; = 15 pF 
tpHL Select to Output 16 24 
tpz7H Output Enable Time 12 18 ns Figs. 4, 5 

to HIGH Level C; = 15 pF 

R,; = 

tpzi Output Enable Time Figs. 3, 5 Lao 

to LOW Level 
tpLz Output Disable Time 22 32 Figs. 3, 5 

from LOW Level C_ = 5 pF 

: Ry =2kQ 

tpyz Output Disable Time Figs. 4,5 | + 

from HIGH Level 
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9LS257 (54LS/74LS257) — 
QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 


DESCRIPTION — The LSTTL/MSI 9LS257 (54LS/75LS257) is a Quad 2-Input © 
Multiplexer with 3-state outputs. Four bits of data from two sources can be selected using 

a Common Data Select input. The four outputs present the selected data in true 
(non-inverted) form. The outputs may be switched to a high impedance state with a 
HIGH on the common Output Enable (Eo) Input, allowing the outputs to interface 
directly with bus oriented systems. It is fabricated with the Schottky barrier diode 
process for high speed and is completely compatible with all Fairchild TTL families. 


LOGIC SYMBOL 


¢ SCHOTTKY PROCESS FOR HIGH SPEED 

e MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 

e NON-INVERTING 3-STATE OUTPUTS 

e¢ INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

e FULLY TTL AND: CMOS COMPATIBLE 

PIN NAMES LOADING (Note a) 

S Common Data Select Input 1.0 ULL. 0.5 U.L. 

Eo Output Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. 

loa —loq Data Inputs from Source 0 0.5 ULL. 0.25 U.L. 

l4a— lta ~ Data Inputs from Source 1 | 0.5 U.L. 0.25 ULL. 

LaLa Multiplexer Outputs (Note b) 65(25) U.L. 5 (2.5) U.L. Voc = Pin 16 
GND=Pin 8 

NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 pwA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) CONNECTION DIAGRAM 

Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. for DIP (TOP VIEW) 


Commercial (XC) Temperature Ranges. 


LOGIC DIAGRAM 


loa la Mb lOc Ite log lid S 


© © © © © © fw fo jf 


Vv, 
Tt et it ty 


/ 


O = Pin Numbers NOTE: 


| The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


©) © 


Z, 2p Zé Zq 


UJ E Ez 
len Le hl 
e o 
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FAIRCHILD © 9LS257 (54LS/74LS257) 


FUNCTIONAL DESCRIPTION — The 9LS257 is a Quad 2-Input Multiplexer with 3-state outputs. It selects four bits of data 
from two sources under control of a Common Data Select Input. When the Select Input is LOW, the Ig inputs are selected 
and when Select is HIGH, the I; inputs are selected. The data on the selected inputs appears at the outputs in true (non- 
inverted) form. | 


The 9LS257 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined by the 
logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 


Za=EQ* (Ilya* St loq° §) Zp=EQ* (yp * $+ lop * S) 

Zo=EQ* (lye*S tle ° S) Zq= EQ: (l4g*Stlog° S) 
When the Output Enable Input (Eo) is HIGH, the outputs are forced to a high impedance “off” state. If the outputs are tied 
together, all but one device must be in the high impedance state to avoid high currents that would exceed the maximum 


ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied together are designed so 
there is no overlap. 


TRUTH TABLE 
OUTPUT SELECT DATA 
ENABLE INPUT INPUTS 


OUTPUTS 


= HIGH Voltage Level 
= LOW Voltage Level 


H 

L 

X = Don’t Care 

Z) = High impedance (off) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5V to+7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


PART NUMBERS salsa —— “cc! TEMPERATURE 


9LS257XM /54LS257XM __ 45 V 55 V 55°C to +125°C 
9LS257XC /74LS257XC 4.75 V 5.25 V O°C to + 75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD © 9LS257 (54LS/74LS257) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE unless otherwise specified 


LIMITS 


SYMBOL PARAMETER UNITS | TEST CONDITIONS (Note 1 
| | min | TYP | MAX mee) 
G teed Input HIGH Volt 
Vin Input HIGH Voltage 2.0 Barantees INpUE HIGH voueve 
for All Inputs 
XM O G teed Input LOW Voltz 
Vib Input LOW Voltage Uaranteed Input LOW Voltage 
for All inputs 


Vep- Input Clamp Diode Voltage 


. XM 
VOH Output HIGH Voltage 
XC 
XM,XC 
VOL Output LOW Voltage ve 


lOZH Output Off Current HIGH 


loze Output Off Current LOW 


Input HIGH Current 

Eo: lox: I1x 

S. 

Input HIGH Current at MAX 
input Voltage 


Eq: lox: '4x 
S 


Nh 
~ 


NS) 
pS 


_ ! 
fo) 


| 
ou 
on ~ 


N 
oO 
> 


| 
N 
© 
: 
> 


: ane N 
© 


Vcc = MAX, VIN = 


pS 
ie) 


Vec = MAX, VIN _ 


Input LOW Current 
iL Eo. lox: 1x 


Ss 
, Output Short Circuit 
OS Current (Note 5) 


Power Supply Current, Outputs HIGH 


mA Vcc = MAX, VIN 


mA Vcc = MAX, VOUT 


EI 
> 


lec Power Supply Current, Outputs LOW 


Power Supply Current, Outputs OFF 


NOTES: 


(oe) 
NO — 


—y . 
~~ 


Voc = MIN, ly =—-18 mA 


2.7V 


10V 


0.4 V 


=OV 


loH =-—-1.0mA Vec = MIN, VIN = Vin or 


lon = 2.6 mA | Viz per Truth Table 
lol = 4.0 mA | Vcc = MIN, Vin = Vip or 
lo. = 8.0 mA Vip per Truth Table 


Voc = MAX, Vout = 2.4 V. Ve = 2.0 V 
Voc = MAX, Voyt = 0.4 V, Ve = 2.0 V 


Vcc = MAX, VIN =45V, VE =OV 
Vcc = MAX, Vin = OV, VE=OV 
Voc = MAX, Vin = OV, Ve =4.5V 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 


copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case” conditions. 


3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 


operating ranges. 
4, Typical limits are at Voc = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ty, = 25°C, Vcc = 5.0 V (See Page 5-98 for Waveforms) 


LIMITS 


'PLH Propagation Delay, Data to Output Hes 
TPHL = 


tp7y Output Enable Time to HIGH Level 
tpz,_ Output Enabie Time to LOW Level 


tpyz Output Disable Time from HIGH Level ae Se 
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symeo. | PARAMETER _—__ums ___| wars | test conoiions 


pom | rer | 

'PLH Propagation Delay, Select to Output 21 ns Fig. 1 
'PHL 21 
24 


C, = 15 pF 
C; = 15 pF 
C; = 15 pF 
C; = 5.0 pF 
Ry = 2 kQ 


9LS258 (54LS/74LS258) 


QUAD 2-INPUT MULTIPLEXER 
WITH 3-STATE OUTPUTS 


DESCRIPTION ~— The LSTTL/MS!I 9LS258 (54LS/75LS258) is a Quad 2-Input 
Multiplexer with 3-state outputs. Four bits of data from two sources can be selected using 
a common data select input. The four outputs present the selected data in the 
complement (inverted) form. The outputs may be switched to a high impedance state 
with a HIGH on the common Output Enable (EQ) Input, allowing the outputs to 
interface directly with bus oriented systems. It is fabricated with the Schottky barrier 
diode process for high speed and is completely compatible with all Fairchild TTL 
families. 


LOGIC SYMBOL 


e SCHOTTKY PROCESS FOR HIGH SPEED 
e MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER 
e INVERTING 3-STATE OUTPUTS 
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
e FULLY TTL AND CMOS COMPATIBLE 
PIN NAMES ____ LOADING (Notea_ __ 
LOW 
S Common Select Input 0.5 ULL. 
Eo Output Enable (Active LOW) Input 0.25 ULL 
loa — lod Data Inputs from Source 0 0.25 U.L 
l4a— lta Data Inputs from Source 1 0.25 ULL. Vcc =Pin 16 
Zac Za Multiplexer Outputs (Note b) 65(25) ULL. 5(2.5) ULL. GND=Pin 8 
NOTES: 
. Lets daa erin ee Mer ea Ha paaee (XM) and 5 U.L. for Commercial (XC) CONNECTION DIAGRAM 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 U.L. for DIP (TOP VIEW) 


Commercial (XC) Temperature Ranges. 


LOGIC DIAGRAM 


le IO iO IO o 1@ 1@ 10 1@ 7 © 


V/ Vv, 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


Vcc = Pin 16 
GND=Pin 8 
© = Pin Numbers 
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FAIRCHILD © 9LS258 (54LS/74LS258) 


FUNCTIONAL DESCRIPTION — The 9LS258 is a Quad 2-Input Multiplexer with 3-state outputs. It selects four bits of data 
from two sources under control of a common Select Input (S). When the Select Input is LOW, the Iq inputs are selected and 
when Select is HIGH, the |, inputs are selected. The data on the selected. inputs appears at the outputs in inverted form. 


The 9LS258 Quad 2-Input Multiplexer is the logic implementatioh of a 4-pole, 2-position switch where the position of the 
switch is determined by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below: 


Z, = Eo * (lga? St !oq ° 5) . Zp = EQ + (yp: Stlop° S$) 

Zo=EQ* (lie St Ig * §) Zqg=EQ: (lag ’ S+!oq° $) 
When the Output Enable Input (Eo) is HIGH, the outputs are forced to a high impedance “‘off” state. If the outputs of the 
3-state devices are tied together, all but one device must be in the high impedance state to avoid high currents that would 


exceed the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied 
together are designed so there is no overlap. 


TRUTH TABLE 


= HIGH Voltage Level 
= LOW Voltage Level 


H 

L 

X = Don’t Care 

(Z) = High Impedance (Off) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin | —0.5Vto+7.0 V 
“Input Voltage (dc) | —0.5Vto +15 V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +10 V 
Output Current (dc) (Output LOW) | +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


3 PLY VOLTAGE (Vac) 
PART NUMBERS eee wee eee GE 


TEMPERATURE 
MIN TYP MAX 
9LS258XM /54LS258XM 45 V 55 V -55°C to +125°C 
9LS258XC/74LS258XC 4.75 V 5.0V 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD @ 9LS258 (54LS/74LS258) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER we 
MIN INP MAX 
ViH Input HIGH Voltage 2.0 
XM 


VIL Input LOW Voltage | XM 
Vep Input Clamp Diode Voitage 


V Out HIGH Volt ik 
utput oltage 
XM,XC 
VoL Output LOW Voltage TE 


lIOZH Output Off Current HIGH 
lOZL Output Off Current LOW 


Input HIGH Current 
Eo: lox: 14x 
S 
Input HIGH Current at MAX 
Input Voltage 
Eo. lox lx 
S 


Input LOW Current 


Ne Eo: lox: 1x 
S 


UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


Vec = MIN, NIN =-18mMmA 


lOH =-1.0 mA Vcc _ MIN, VIN = Vi or 
loH = 72.6 MA | Vi, per Truth Table 
lol =4.0mA {Vcc =MIN, Vin = ViH or 
lo. = 8.0 mA Vip per Truth Table 


es as 
i 
No 
8 
is 
> 


O § N 
fo) 
splat e | 3 |e fs pp l<<l<<i] <p <] § 


= | 
> 


Vcc = MAX, VIN =10V 


> 


Vcc _ MAX, VIN =0.4V 


' Output Short Circuit 
OS Current (Note 5) 


= 


Vcc = MAX, VOUT =OV 


Power Supply Current, Outputs HIGH 


ere Power Supply Current, Outputs LOW 
Power Supply Current, Outputs OFF 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case”’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


Vcc = MAX, Vin = OV, VE=OV 
Vcc = MAX, VIN =45V, VE =OV 
Vcc = MAX, VIN =OV, Ve= 45V 


3 
> 


= 
> 


N 

oe) 
zt 
> 


eee] | 
3 
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AC CHARACTERISTICS: Ta = 25°C, Vcc = 5.0 V (See Page 5-98 for Waveforms) 


LIMITS 
SYMBOL PARAMETER MIN | UNITS TEST CONDITIONS 
‘PLH Propagation Delay, Data to Output ns Fig. 1 C, = 15 pF 
"PHL 
'PLH Propagation Delay, Select to Output z) ns Fig. 1 Cy = 15 pF 
"PHL 21 


tp7i Output Enable Time to LOW Level 
tpLz Output Disable Time from LOW Level 


tpyz Output Disable Time from HIGH Level 
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9LS259 (54LS/74LS$259) 
8-BIT ADDRESSABLE LATCH 


DESCRIPTION — The 9LS259 (54LS/74LS259) is a high-speed 8-Bit Addressable Latch 
designed for general purpose storage applications in digital systems. It is a multifunc- 
tional device capable of storing single line data in eight addressable latches, and also a 
1-of-8 decoder and demultiplexer with active HIGH outputs. The device also incorporates 
an active LOW common clear for resetting all latches, as well as, an active LOW enable. It 
is functionally identical to the 9334 and 93L34 8-bit addressable latches. 


LOGIC SYMBOL 


13 


03 04 05 06 07 


y 7 9 10 11 12 


SERIAL-TO-PARALLEL CONVERSION | 

8-BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE 
RANDOM (ADDRESSABLE) DATA ENTRY 

ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY 
EASILY EXPANDABLE 
COMMON CLEAR 

FULLY TTL COMPATIBLE 


Pin 16 
Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


PIN NAMES 


Ao. Ai, Ag #XAdress Inputs 

D Data Input 

E Enable (Active LOW) Input. 
Cc Clear (Active LOW) Input 


Qp to Q7 Parallel Latch Outputs 


GND = Pins 
©) = Pin Numbers 


9LS283 (54LS/74LS283) 
4-BIT BINARY FULL ADDER WITH FAST CARRY 


DESCRIPTION — The 9LS283 (54LS/74LS283) is a high-speed 4-Bit Binary Full Adder 
with internal carry lookahead. It accepts two 4-bit binary words (A, — Aq, By — Bq) and 
a Carry Input (Cjyy). It generates the binary Sum outputs (24 — 24) and the Carry 
Output (COUT) from the most significant bit. The 9LS283 operates with either active 
HIGH or active LOW operands (positive or negative logic). The 9LS283 (54LS/74LS283) 
is identical in function with 7483A and features corner power pins. 


PIN NAMES LOADING (Note a) 
A, —Aq Operand A Inputs 

By — Bg Operand B Inputs 

Cin Carry {nput 

24-24 Sum Outputs (Note b) 

COUT Carry Output (Note b) 

NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 
b. The Output LOW drive f 
Temperature Ranges. 


© 


Z4 Cout 


Vcc = Pin 16 
GND=Pin 8 
O = Pin Numbers 
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LOGIC SYMBOL 


Vcc = Pin 16 
GND=Pin 8 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD © 9LS283 (54LS /74LS283) 


FUNCTIONAL DESCRIPTION — The 9LS283 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary 
sum appears on the sum outputs (24 — 24) and outgoing carry (COUT) outputs. 


Cin+(A7+By )+2(A9+B2)+4(A3+B3)+8(Aq+Ba) = D74+229t423+8L4+16CQUT 
Where: (+) = plus 
Due to the symmetry of the binary add function the 9LS283 can be used with either all inputs and outputs active HIGH 


(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs, Carry In can 
not be left open, but must be held LOW when no carry in is intended. 


CIN| A1 A2 A3 Aq} B1 B2 BZ B4aj 21 22 2B 24 | CouT 
Active HIGH | 0 | 0 t 2 Ne OF OTe ee of a | 


Example: 


(10+9=19) 
Active LOW 1 1 0 1 0 0 61 1 O 0 60 1 1 


Interchanging inputs of equal weight does not affect the operation, thus Cjjy, Ay, By, can be arbitrarity assigned to pins 7, 
5 or 3. 


(carry+5+6=1 2) 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
*{nput Current (dc) ~ —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) . —0.5Vtot10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect. the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


TEMPERATURE 
inndlenai ene RL ‘ 
91S283XC/74L$283XC 475V | 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD ¢ 9LS283 (54LS /74LS283) 


ar cease are nt etna arvensis ence nen rs NAS n/N RN me rt eT i nN atin RE I ert SA NNR me eat 


DC SHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) —__ 


Vec = MIN, lOH = —400 UA 
Vin = Ving or Vip per Truth Table 


V lo. = 4.0 mA| Vcc = MIN, Vin = Vi or 
V lot = 8.0 mA] Vy per Truth Tab! 


Vec = MAX, VIN =27V 


LIMITS | 
YMBOL PARAMETER NITS TEST CONDITIONS (Note 1 
S O MIN MAX U CO S ( ote ) 
Guaranteed Input HIGH Voltage 
V Input HIGH Voltage 2.0 V 
7 d | W Vol 
7 inelit LOW Volaae in 0 V Guaranteed Input LO oltage 
ae 0.8 for All Inputs 
Ve5 Input Clamp Diode Voltage = | Voc = MIN, ly =—18 mA 
| 2.5 


VOH Output HIGH Voltage 
VOL Output LOW Voitage 


| 34 | 
Input HIGH Current 
Cin 
lh Any Aor B 
CIN 
Any Aor B 
| 22 | 
19 


ba 


e 


Vee = MAX, VIN =10V 


3 
EB 


Input LOW Current 


HL Cin mA Voc = MAX, Vin, = 0.4 V 
Any Aor B : 
Output Short Circuit 
| a = V 
OS Current (Note 5) | -100. mA Voc = MAX Vout = 9 


Voc = MAX, A Inputs = 4.5 V 


aaentcnne . ——o 2. A AN I IN EE 


: 
| 


lec Power Supply Current 


ww 
ES 
Fe 

> 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’ conditions. 

3. The specified LIMITS represent the ‘worst case’’ value for the parameter. Since these “‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


akin eres neti smn aeme nye enneanimenese, . AAO A OO AL PS i RL SON a mamanaas 


LIMITS 

SYMBOL PARAMETER — TEST CONDITION 

| MIN Typ MAX UNITS ST CO ONS 
tery Propagation Delay, Cy Input 24 ns 
tpHL to Any = Output 24 
tory Propagation Delay, Any A or B Input 24 ns Vec = 5.0 V 
tpt to 2 Outputs _ | 24 C, = 15 pF 
tpLH Propagation Delay, Cy, Input 17 Figures 1 and 2 
tpHL to Court Output 17 
ae Propagation Delay, Any A or B Input | 17 
tpHL to CoutT Output 17 
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9LS290 (54LS/74LS290) 
DECADE COUNTER 


9LS293 (54LS/74LS293) 
4-BIT BINARY COUNTER 


DESCRIPTION — The 9LS290 (54LS/74LS290) and 9LS293 (54LS/74LS293) are LOGIC SYMBOL 
high-speed 4-bit ripple type counters partitioned into two sections. Each counter has a 
divide-by-two section and either a divide-by-five (9LS290) or divide-by-eight (9LS293) 9LS290 
section which are triggered by a HIGH-to-LOW transition on the clock inputs. Each 
section can be used separately or tied together (O to CP) to form BCD, Bi-quinary, or 
Modulo-16 counters. Both of the counters have a 2-input gated Master Reset (Clear), and 
the 9LS290 also has a 2-input gated Master Set (Preset 9). 


CORNER POWER PIN VERSIONS OF THE 9LS90 and 9LS93. 

LOW POWER CONSUMPTION .... TYPICALLY 45 mW 

HIGH COUNT RATES.... TYPICALLY 50 MHz 

CHOICE OF COUNTING MODES.... BCD, BI-QUINARY, BINARY 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATIO 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES 


12 13 


Vec = Pin 14 
LOADING (Note a) GND = Pin 7 
NC = Pins 2,6 


CPo g edge) Input to 3.0U.L. | 1.5 U.L. 
= 9LS293 
CP, 2.0 ULL. 2.0 ULL. 
CP, Clock (Active LOW going edge) Input to 1.0 ULL. 1.0 ULL. 

+ 8 Section (9LS293). 
MR, MRo Master Reset (Clear) Inputs 0.5 U.L. 0.25 U.L. 
MS, MS9 Master Set (Preset-9, 9LS290) Inputs 0.5 ULL. 0.25 U.L. 
Qo Output from +2 Section (Notes b & c) 10 ULL. 5(2.5) U.L. 
Q,, Q9, A3 Outputs from +5 & +8 Sections (Note b) 10 ULL. 5(2.5) ULL. 1213 9 5 
NOTES: Vcc = Pin 14 
a. 1 TTL Unit Load (U.L.) = 40 vA HIGH/1.6 mA LOW. GND = Pin 7 
b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) NC = Pins 1, 2, 3,6 


Temperature Ranges. 
c. The Qo Outputs are guaranteed to drive the full fan-out plus the CP, Input of the device. 


CONNECTION DIAGRAM 9LS290 CONNECTION DIAGRAM : 9LS293 
DIP (TOP VIEW) DIP (TOP VIEW) 


NOTE: NOTE: 


The Flatpak version has the same CP The Flatpak version has the same 
pinouts (Connection Diagram) as the = _ pinouts (Connection Diagram) as the 
Dual In-Line Package. ) Dual In-Line Package. 


NC — No Internal Connection NC — No internal connection 
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FAIRCHILD @ 9LS290 ¢ 9LS293 


LOGIC DIAGRAMS 9LS290 


© = Pin Numbers 
Vec = Pin 14 
GND = 7 


© = Pin Numbers 
Vcc = Pin 14 
GND=7 


FUNCTIONAL DESCRIPTION — The 9LS290 and 9LS293 are 4-bit ripple type Decade, and 4-Bit Binary counters 
respectively. Each device consists of four master/slave flip-flops which are internally connected to provide a divide-by-two 
section and a divide-by-five (9LS290) or divide-by-eight (9LS293) section. Each section has a separate clock input which 
initiates state changes of the counter on the HIGH-to-LOW clock transition. State changes of the Q outputs do not occur 
simultaneously because of internal ripple delays. Therefore, decoded output signals are subject to decoding spikes and should 
not be used for clocks or strobes. The Qo output of each device is designed and specified to drive the rated fan-out plus the 
CP, input of the device. 

A gated AND asynchronous Master Reset (MR1*MR>) is provided on both counters which overrides the clocks and resets 
(clears) all the flip-flops. A gated AND asynchronous Master Set (MS1*MSo) is provided on the 9LS290 which overrides the 
clocks and the MR inputs and sets the outputs to nine (HLLH). 


Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may be 
operated in various counting modes: 


9LS290 

A. BCD Decade (8421) Counter — the CP, input must be externally connected to the Qo output. The CPo input receives the 
incoming count and a BCD count sequence is produced. = 

B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3 output must be externally connected to the CPg input. The 
input count is then applied to the CP, input and a divide-by-ten square wave is obtained at output Qo. 

C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are required. The first flip-flop is used as a 
binary element for the divide-by-two function (CP as the input and Qo as the output). The CP, input is used to obtain 
binary divide-by-five operation at the er output. 


9LS293 

A. 4-Bit Ripple Counter — The output Og must be externally connected to input CP). The input count pulses are applied to 
input CPo. Simultaneous division of 2, 4, 8, and 16 are performed at the Og, Q1, Q2, and Q3 outputs as shown in the 
truth table. = 

B. 3-Bit Ripple Counter — The input count pulses are applied to input CP. Simultaneous frequency divisions of 2, 4, and 8 
are available at the Qy, Q5, and Q3 outputs. Independent use of the first flip-flop is available if the reset function 
coincides with reset of the 3-bit ripple-through counter. 
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FAIRCHILD ® 9LS290 @ 9LS293 


______—«9LS290 MODE SELECTION ae 
RESET/SETINPUTS || = OUTPUTS | 


Py | | 
YH | aA] eo | 


sot sere MORE SErecueN 


RESET 
eee 


L L 

Count 

Count 

Count | 


9L$290 9LS293 
BCD COUNT SEQUENCE TRUTH TABLE 


bp ceed OUTPUT 
| COUNT -———-— 


0 L L Bb L L. a L 

1 H L. L L H L L. L. 

2 L H L L L. H L L 

3 H H L L H H L. Li 

4 L L H L 2 L. H L 

5 H Es H L H OL H L 

6 L H H L L H H L 

7 H H H L H H H i 

8 Li L L H L LL H 

| 9 H LL H H bL LH 

NOTE: Output Qo is connected to L H L H 

Input CP, for BCD count. H H a H 

L L H H 

H a H H 

H = HIGH Voltage Level I a 4 Hy 
L = LOW Voltage Level 

X = Don't Care : 1b H A 


Note: Output Qpg connected to input CP,. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias ~55°C to +125 °C 
Vcc Pin Potential to Ground Pin -0.5 V to+7.0V 
“Input Voltage (dc) | ~0.5 V to+15V 
*Input Current (dc) ~30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) -0.5Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or input Current limit is sufficient to protect the inputs. 
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FAIRCHILD e 9LS290 ¢ 9LS293 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 

PART NUMBERS TEMPER R 

LO 
5 


9LS290XM / 54LS290XM : 
: : ae: be fo) 
9LS293XM /54LS293XM mM 5.0V 55°C to +125°C 
9LS290XC /74LS290XC 

9LS293XC /74LS293XC OM 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


SYMBOL PARAMETER 


VIH Input HIGH Voltage 2.0 
XM 
VIL Input LOW Voltage 
XC 


Vcp Input Clamp Diode Voltage 


Vv Output HIGH Volt 2 
utpu oltage 
XM,X 
VoL Output LOW Voltage 


Input HIGH Current 
MS, MR 
CPo 


1 
MAX UNITS TEST CONDITIONS (Note 1) 


Guaranteed Input HIGH Voltage 
for All Inputs 


Guaranteed Input LOW Voltage 
for All Inputs 


| 18 | ov Voc = MIN, liy = —18 mA 


Voc = MIN, Igy = —400 uA 


Vin = Vin oF Vip per Truth Table 


0.25 | 04 | Vv lo. = 4.0 mA | Vcc = MIN, Vin = Vin oF 
| 05 | Vv Io. = 8.0 mA | Vi; per Truth Table 


Ca 
— 
eee 
Fe ee 
| 34 : 
Eee 
[0.25 Eaves 
bose] a 
20 
120 UA | Voc = MAX, Vin = 2.7 V 
80 
40 
x 
aed 


CP, (LS290) 
CP, (LS293) 


MS, MR 
CPo, CP, (LS293) 
CP, (LS290) 


Input LOW Current 
MS, MR 


We CPo 
CP, (LS290) 
CP, (LS293) 


' Output Short Circuit 
OS Current (Note 5) 
lec Power Supply Current | 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C, and maximum loading. 

5. Not more than one output should be shorted at a time. 


Vcc ee MAX, VIN =0.4V 


Vcc = MAX, VOUT =OV 


Vcc = MAX 
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FAIRCHILD @ 9LS290 @ 9LS293 


AC CHARACTERISTICS: Ty = 25°C 


LIMITS 
9LS283 UNITS TEST CONDITIONS 
MAX 


9LS290 
MAX 


SYMBOL PARAMETER 


CP Input Count Frequency 


tpLy Propagation Delay, 

toy CPo Input to Qo Output 

tpiy Propagation Delay, 16 16 

tpHL CP, Input to Q, Output 21 21 

tpLH Propagation Delay, 32 32 ; a 

tpHL CP, Input to Qo Output 35 35 ng Cer ee 
tpLH Propagation Delay, 32 Cy = 15 pF 
toy CP, Input to Q3 Output 35 

tpLH Propagation Delay, 48 70 

tpHL CPo Input to Q3 Output 50 70 


AC SET-UP REQUIREMENTS: Ty = 25°C 


LIMITS 


9LS2390 9LS293 UNITS TEST CONDITIONS 


MAX 


SYMBOL PARAMETER 


> 
x< 


tw CPo Pulse Width 
ty CP, Pulse Width 
tw MS Pulse Width 
tyy MR Pulse Width 


Fig. 1 


Ww 
eo) 


f 


Fig. 2 Vec = 5.0 V 
Fig. 2, 3 
Fig. 2 


t 


1) 
or 


rec ‘Recovery Time MS to CP 


=— 
o 
a 
— 
N 
w 


NO 
or 


trec Recovery Time MR to CP | 


RECOVERY TIME (trae) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to- 
LOW in order to recognize and transfer HIGH data to the O outputs. 


AC WAVEFORMS 
* CP 1.3V 1.3V 
<«— ty oe 
PHL Ses eerie 
Fig. 1 


“The number of Clock Pulses required between the tPHL and teLH measurements can be determined from the appropriate Truth Tables. 


MR & MS 1.3V 1.3V Ms “43V 1.3V 


— tw ern a treo = ty ele ties *| 


Oo. 03 
(LS290) 
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9LS295 (54LS/74LS295A) 
4-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS 


DESCRIPTION — The 9LS295 (54LS/74LS295A) is a 4-Bit Shift Register with serial and LOGIC SYMBOL 
parallel synchronous operating modes, and independent 3-state output buffers. The 
Parallel Enable input (PE) controls the shift-right or parallel load operation. All data 
transfers and shifting occur synchronous with the HIGH to LOW clock transition. 


The 3-State output buffers are controlled by an active HIGH Output Enable input (EO). PE Po P] Po P3 
Disabling the output buffers does not affect the shifting or loading of input data, but it ae 
does inhibit serial expansion. 
The 9LS295 is fabricated with the Schottky barrier diode process for high speed and is llr eta 
completely compatible with all Fairchild TTL families. fscqa wae ae 
e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS 
e NEGATIVE EDGE-TRIGGERED CLOCK INPUT Vec = Pin 14 
e PARALLEL ENABLE MODE CONTROL INPUT GND=Pin 7 
e 3-STATE BUSSABLE OUTPUT BUFFERS 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS CONNECTION DIAGRAM 
e FULLY TTL AND CMOS COMPATIBLE DIP (TOP VIEW) 
PIN NAMES LOADING (Note a) 
HIGH LOW 
PE Parallel Enable Input 0.5 ULL. 0.25 U.L. 
Ds Serial Data Input 0.5 ULL. 0.25 U.L. 
Pog — Pa Parallel Data Input 0.5 ULL. 0.25 U.L. 
Eo Output Enable Input 0.5 ULL. 0.25 U.L. 
CP Clock Pulse (Active LOW Going 0.5 ULL. 0.25 ULL. 
Edge) Input 
Op ~ 03 3-State Outputs (Note b) 65(25) ULL. 5(2.5) ULL. 
NOTES: NOTE: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (XM) and 65 ULL. 
for Commercial (XC) Temperature Ranges. 


LOGIC DIAGRAM 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


pp © >. o> 


Voc = Pin 14 
GND=Pin 7 
© = Pin Numbers 


Eo >. 
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FAIRCHILD e 9LS295 (54LS /74LS295A) 


FUNCTIONAL DESCRIPTION — The 9LS295 is a 4-Bit Shift Register with serial and parallel synchronous operating modes. 
It has a Serial Data (Dg) and four Parallel Data (Pp — P3) inputs and four parallel 3-State output buffers (Q9 — Q3). When 
the Parallel Enable (PE) input is HIGH, data is transferred from the Parallel Data Inputs (Pg — P3) into the register 
synchronous with the HIGH to LOW transition of the Clock (CP). When the PE is LOW, a HIGH to LOW transition on the 
clock transfers the serial data on the Dc input to register Qo, and shifts data from Qo to Q4, Q, to Q9 and Q5 to Q3. The 
input data and parallel enable are fully edge-triggered and must be stable only one set-up time before the HIGH to LOW clock 
transition. 


The 3-State output buffers are controlled by an active HIGH Output Enable input (EQ). When the Eg is HIGH, the four 
register Outputs appear at the Oy — Q3 outputs. When Eo is LOW, the outputs are forced to a high impedance “off” state. 
The 3-State output buffers are completely independent of the register operation, i.e., the input transitions on the Eo input 
do not affect the serial or parallel data transfers of the register. If the outputs are tied together, all but one device must be in 
the high impedance state to avoid high currents that would exceed the maximum ratings. Designers should ensure that Output 
Enable signals to 3-State devices whose outputs are tied together are designed so there is no overlap. 


MODE SELECT — TRUTH TABLE 


OUTPUTS* 


OPERATING MODE 
Qo OQ, AQ QZ 


G99 91 42 


Shift Right 
q4 q9 


Parailel Load 


*The indicated data appears at the Q outputs when Eg is HIGH. When 
Eo is LOW, the indicated data is loaded into the register, but the 
outputs are all forced to the high impedance “‘off’’ state. 


L = LOW Voltage Levels 
H = HIGH Voltage Levels 
X = Don’t Care | 


p,la,) = Lower case letters indicate the state of the referenced input 
(or output) one set-up time prior to the HIGH to LOW clock 
transition. 
|= LOW Voltage Level one set-up time prior to the HIGH to LOW 
clock transition. 
h = HIGH Voltage Level one set-up time prior to the HIGH to LOW 
clock transition. 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vcc Pin Potential to Ground Pin —0.5 V to +7.0 V 
*Input Voltage (dc) —0.5Vtot15V 
“Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vtot10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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FAIRCHILD e 9LS295 (54LS /74LS295A) 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE (Vcc) 


ART NUMBER 
PART NUMBERS ae) — a TEMPERATURE 
9LS295XM /54LS295AXM 55 V 55°C to + 125°C 
9LS295XC /74LS295AXC 4.75 V 5.0V 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


LIMITS 
TYP 


SYMBOL PARAMETER UNITS | TEST CONDITIONS 


= 
> 
x 


Guaranteed Input HIGH Voltage 
for All Inputs 


NO 


| 
re?) 
on 
N : 
c~ 


Vin Input HIGH Voltage 


XC 
VOH Output HIGH Voltage ca 
C 


Guaranteed Input LOW Voltage 
for All Inputs 


Oo 
NI 


215 
3.4 
3.4 


0.25 
0.35 


Vec = MIN, lin =-18 mA 
IOH =-1.0mA Vec = MIN, VIN =a Vin or 
loy = ~2.6 mA | Vy per Truth Table 


XM,XC 


lOZH Output Off Current HIGH 
lozi Output Off Current LOW 


hy Input HIGH Current 


We Input LOW Current 

, Output Short Circuit 

OS Current (Note 5) 
Power Supply Current, 
Outputs HIGH 


| 
CC Power Supply Current, 
Outputs Off 


0.4 lol =4.0 mA |Vcc = MIN, Vin = ViH or 


0.5 V lo = 8.0 mA | Vj, per Truth Table 


A | Voc = MAX, Vout = 2.4 V, Ve = 2.0 V 
A | Vcc = MAX, Voyt = 0.5 V, Ve = 2.0 V 
UA | Voc = MAX, Viy = 2.7 V 
mA | Voc = MAX, Vin = 10 V 
Voc = MAX, Vin = 0.4 V 


< 


N 
i.e) 
t 


i) 
io) 


> 


m 


m Vec = MAX, VOUT =OV 


1 


or 
i) 
oO 


mA Vec = MAX, Vcp =OV, Ve =OV 


AA 
No 
as 


NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Voc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta, = 25°C 


TEST CONDITIONS 


SYMBOL PARAMETER 


Shift Frequency 


Propagation Delay, 
Clock to Output 


FAIRCHILD e 9LS295 (54LS /74LS295) 


AC CHARACTERISTICS: for 3-State Output Buffers (See Page 5-98 for Waveforms) | 


| LIMITS 
eee erent: 7 oe eee 
tpz7H Output Enable Time Figs. 4, 5 C; = 15 pF 
to HIGH Level 
tp7,. Output Enable Time 12 © ns Figs. 3, 5 Ry = 2 kO 
to LOW Level | 
tp_z Output Disable Time Figs. 3, 5 C; = 5 pF 
from LOW Level 
‘tpyz | Output Disable Time 
. from HIGH Level 


Figs. 4,5 | Ry = 2k 


AC SET-UP REQUIREMENTS: T, = 25°C 


SYMBOL 


t,(Data) 
t,(Data) 
t,(PE) 

Hold Time, PE to Clock 


DEFINITION OF TERMS 


SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs. 


HOLD TIME (ty) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized. 


AC WAVEFORMS 


*The Data Input is Dg for PE = LOW and P, for PE = HIGH. 
Fig. 1 


LOAD SERIAL DATA 
SHIFT RIGHT LOAD PARALLEL DATA 


9LS298 (54LS/74LS298) 


QUAD 2-PORT REGISTER 
(QUAD 2-INPUT MULTIPLEXER WITH STORAGE) 


DESCRIPTION — The 9LS298 (54LS/74LS298) is a Quad 2-Port Register. It is the 
logical equivalent of a quad 2-input multiplexer followed by a quad 4-bit edge-triggered 
register. A Common Select input selects between two 4-bit input ports (data sources). 
The selected data is transferred to the output register synchronous with the HIGH to 
LOW transition of the Clock input. 


LOGIC SYMBOL 


The 9LS298 is fabricated with the Schottky barrier process for high speed and is 
completely compatible with all Fairchild TTL families. 


SELECT FROM TWO DATA SOURCES Fa oa ae Pe 
FULLY EDGE-TRIGGERED OPERATION got: ae 
TYPICAL POWER DISSIPATION OF 65 mW | 
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
FULLY TTL AND CMOS COMPATIBLE 


PIN NAMES LOADING (Note a) 


S Common Select Input 0.25 U.L. 

CP Clock (Active LOW Going Edge) Input 0.5 U.L. 0.25 U.L. 

loa — 'og Data Inputs From Source 0 0.5 U.L. 0.25 U.L. 

l4g— laa Data Inputs From Source 1 0.5 U.L. 0.25 U.L. Vec = Pin 16 

Q, - Qy Register Outputs (Note b) 10 ULL. 5(2.5) U.L. GND=Pin 8 

NOTES: 

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 

b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) CONNECTION DIAGRAM 
Temperature Ranges. DIP (TOP VIEW) 


LOGIC OR BLOCK DIAGRAM 


; On One 


ail rt) 
35 G8 So 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


be 
Vcc = Pin 16 Re 


GND=Pin 8 
© = Pin Numbers 
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FUNCTIONAL DESCRIPTION — The 9LS298 is a high speed Quad 2-Port Register. It selects four bits of data from two 
sources (ports) under the control of a Common Select Input (S). The selected data is transferred to the 4-bit output register 
synchronous with the HIGH to LOW transition of the Clock input (CP). The 4-bit output register is fully edge-triggered. The 
Data inputs (1) and Select input (S) must be stable only one set-up time prior to the HIGH to LOW transition of the clock for 
predictable operation. 


TRUTH TABLE 


INPUTS 
| | 
| h 
h Xx 
h x 


OUTPUT 


LOW Voltage Level 

HIGH Voltage Level 

Don’t Care 

= LOW Voltage Level one set-up time prior to the 
HIGH to LOW clock transition. 

h = HIGH Voltage Level one set-up time prior to the 

HIGH to LOW (clock transition. 


Xx 


L 
H 

Xx 
| 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125 °C 
Vcc Pin Potential to Ground Pin | —0.5V to +7.0 V 
*Input Voltage (dc) —0.5Vto+t15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 
SUPPLY VOLTAGE (Vcc) 


TEMPERATURE 
9LS298XC /74LS298XC 4.75V 5.25 V 0°C to +75°C 


X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified 


BOL PARAMETER 


ViH Input HIGH Voltage 


Input LOW Voltage 


A UNITS TEST CONDITIONS 


Guaranteed Input HIGH Threshold 
Voltage for All Inputs 


= 

= 
310 
< 


=< 
= 
rhe 
Os 
oe) 
~N 


Guaranteed Input LOW Threshold 
Voltage for All Inputs 


Input Clamp Diode Voltage 


XM 2.5 3.4 
Output HIGH Voltage fox | 25 | 34 | 

XM_X 25 0.4 
Output LOW Voltage | xmxc | | 0.25 | 


V Vec = MIN, lin =-18mMmA 


Vec = MIN, IOH = —400 LA 
Vin = Vin or Viz per Truth Table 


V lon = 4.0 mA | Vcc = MIN, Vin = Vip or 
V lo, = 8.0 mA | Viz per Truth Table 


A Vcc = MAX, VIN =2.7V 
A Vcc = MAX, VIN =10V 
A Vcc = MAX, VIN =0.4V 


& |§ 
— Oo 
(o) (o) 
NO 
N 
Ww 
L 


NO 
2 
zt 


=| 


| 
_ oO 
> 


= 


W 
NO 


mA Vec = MAX 
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NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sampie Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions. 

3. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these “‘worst case’’ values normally occur at the 
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

5. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Ta = 25°C 


LIMITS 


SYMBOL PARAMETER TEST CONDITIONS 


Propagation Delay, 
Clock to Output 


LIMITS 


MIN TYP MAX 


TEST CONDITIONS 


=\seee 2 

twiL) Clock Pulse Width (LOW) 20 

ts(Data) Set-up Time, Data to Clock 15 : Voc = 5.0 V 
th(Data) Hold Time, Data to Clock 5.0 

a BS a 

this) Hold Time, Select to Clock 0 


DEFINITIONS OF TERMS: 


SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior 
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs. 


HOLD TIME (t,,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level 
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct 
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized. 


*The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Fig. 1 Fig. 2 
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9LS670 (54LS/74LS670) 
4x4 REGISTER FILE WITH 3-STATE OUTPUTS 


DESCRIPTION — The TTL/MSI 9LS670 (54LS/74LS670) is a high-speed, low-power 
4 x 4 Register File organized as four words by four bits. Separate read and write inputs, 
both address and enable, allow simultaneous read and write operation. 


LOGIC SYMBOL 


The 3-state outputs make it possible to connect up to 128 outputs to increase the word 
capacity up to 512 words. Any number of these devices can be operated in parallel to . 
generate an n-bit length. . 12 16 1 2 3 


The 9LS170 (54LS/74LS170) provides a similar function to this device but it features 
open-collector outputs. 


D,; D2 Dz Dg 


Q1; Q2 O3 Aq 


11 10 9 7 6 

@ SIMULTANEOUS READ/WRITE OPERATION 
® EXPANDABLE TO 512 WORDS BY n-BiTS 
@ TYPICAL ACCESS TIME OF 20 ns | 
@® 3-STATE OUTPUTS FOR EXPANSIO)D 
@ TYPICAL POWER DISSIPATION OF 

Vcc = Pin 16 

GND = Pin 8 
PIN NAMES LOADING (Note a) 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

D1-D4 Data Inputs 0.5 ULL. 0.25 ULL. 
Wa, We Write Address Inputs O:5:U7L. 0.25 U.L. 
Ew Write Enable (Active LOW) Input 1.0 ULL. 0.5 ULL. 
Ra, Rg Read Address Inputs 0.5 ULL. 0.25 ULL. 
ER Read Enable (Active LOW) Input 1.5 ULL. 0.75 ULL. 
Q4-O4 Outputs (Note b) 65(25) U.L. 5(2.5) U.L. 
NOTES: 


a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. 


b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5.0 U.L. for Commercial (XC) 
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for 


Commercial Temperature Ranges. 
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NOTE: 


The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


LOGIC DIAGRAM 


So yy 


i by 


(egg ie : 


© = Pin Numbers 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias , —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to+7.0 V 
“Input Voltage (dc) —0.5Vtot+15V 
*Input Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5Vto+1i0V 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vec) 


PART NUMBERS 

71a 7 ve TEMPERATURE 
9LS670XM /54LS670XM | 45 Vv 5.0V | 55 V —55°C to +125°C 
9LS670xc/ 74LS670XC | 4.75V | 5.0V | 5.25 V O°C to +75°C 


X = package type; F for Flatpak, D for Cerarnic Dip, P for Plastic Dip. See Backadiha information Section for packages available on this product. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) 
LIMITS 


SYMBOL | PARAMETER | UNITS | TEST CONDITIONS 
Guaranteed Input HIGH Voltage 


for All Inputs 


| Guaranteed Input LOW Voltage 
for Ali inputs 


meer eer 


| Vcc = MIN, IN =-18 mA 
lon =-7.0mA Vcc = MIN, VIN = Vik or 


| , | : | loy = 72.6 MA | Vi, per Truth Table 
eT XM | : 4 | iol =4.0mA_ | Vcc = MIN, Vin = Viy or 
Output LOW Voliage SSaaanen amen coi co yee eel 


V 
OL : | 5 | lot = 8.0 mA Vip per Truth Table 
lozH _|_ Output Off Current HIGH | | | | Vee = MAX, Vout = 2.7 V, Viy = 2 V 
lozL Output Off Current LOW | Veco = MAX, Voyt = 0.4 V. Vi = 2 V _ 
input HIGH Current 
Any D, R or W 
Vec = MAX, Vin 2.7V 
NH 
Vec = MAX, Vin = 10 V 
Input LOW Current 
Any D, R or W 
Ne Vee = MAX, Vin =04V 
Output Short Circuit 
| | V V V 
OS ‘Current (Note 5) pa | | mrs cc = MAX, Vout = 0 
lec | Power Supply Current | ar ee Vcc = MAX (Note 6) : 
NOTES: 


1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under “’worst case’’ conditions. 

3. The specified LIMITS represent the ‘worst case”’ value for the parameter. Since these ‘worst case’’ values normally occur at the tempera- 

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 

operating ranges. 

Typicai limits are at Voc = 5.0 V, Ta = 25°C, and maximum loading. 

Not more than one output should be shorted at a time. 

Maximum icc is guaranteed for the following worst-case conditions: 4.5 V is applied to ail data inputs and both ainable inputs, all address 

inputs are grounded and al! outputs are open. 


Oa 
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AC CHARACTERISTICS: Ta = 25°C 


LIMITS 
: ee ee 
tpLH Propagation Delay Fig. 2 Vec =5V 
tpHL Ra or Rp to 0 Outputs Cy = 15 pF 
tpLH Propagation Delay, 45 Fig. 1 Ry = 2 kQ 
tpHL Negative Going E\ to OQ Outputs 50 
tpLH Propagation Delay, 45 | Fig. 1 
tepHL Data Inputs to Q Outputs 40 
tp7H Enable Time, Negative Going 
Ep to Q Outputs Going HIGH Vee =5V 
Cy = 5.0 pF 
tp7, Enable Time, Negative Going Fig. 3,5 R, =2kO 
Ep to Q Outputs Going LOW ace Page 5-98 for 
tpyz Disable Time, Positive Going Fig. 4,5| 3-state Wave- 
Ep, to Q Outputs Off from HIGH forms (Figs. 
3,4,5) 
tp, Zz Disable Time, Positive Going 35 Fig. 3,5 
Ep to QO Outputs Off from LOW 


AC SET-UP REQUIREMENTS: Ta = 25°C 


LIMITS 
ey ere re ree ee eer 


t,D Set-Up Time, Data Inputs with 
(Note 7) Respect to Positive-Going Ew, 
tpD Hold Time, Data Inputs with 
Respect to Positive-Going Ey) Vec =5V 
Fig. 6 
15 (Note 10) 


t,W Set-Up Time, Write Select Inputs 

(Note 9) Wa and We with Respect to Negative- 
Going Ey 

t,W Hold Time, Write Select Inputs 
Wa and Wp with Respect to Positive- 
Going Ew 

NOTES: 


7. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable 
transition from LOW to HIGH in order for the latch to recognize and store the new data. 
8. The Hold Time (ty) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be 
maintained at the input in order to ensure continued recognition. 
9. The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the 
correct latch is addressed and the other latches are not affected. 
10. The shaded areas indicate when the input are permitted to change for predictable output performance. 
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Fig. 2 


fice a re 


a WE ss = 


Fig. 6 


LPTTL/MONOSTABLE 96L02 


LOW POWER DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR 


DESCRIPTION — The TTL/Monostable 96L02 is a low power Dual Retriggerable, CONNECTION DIAGRAM 
Resettable Monostable Multivibrator which provides andoutput pulse whose duration DIP (TOP VIEW) 

and accuracy is a function of external timing components. The 96LO02 has excellent 

immunity to noise on the Vcc and ground lines. The 96LO02 uses TTL inputs and 

outputs for high speed and high fan out capability and is compatible with all members 

of the Fairchild TTL family. 


e TYPICAL POWER DISSIPATION OF 25 mW/ONE SHOT 
@ 50 ns TYPICAL PROPAGATION DELAY : 
e RETRIGGERABLE 0 TO 100 % DUTY CYCLE y 
e TTL INPUT GATING — LEADING OR TRAILING EDGE-TRIGGERING 5 
e COMPLEMENTARY TTL OUTPUTS ‘ 
e OPTIONAL RETRIGGER LOCK-OUT CAPABILITY , 
e PULSE WIDTH COMPENSATED FOR Vcc AND TEMPERATURE VARIATIONS ‘ 
e RESETTABLE 
*Pins for external timing. 
PIN NAMES LOADING 
B Trigger (Active LOW) Input 
A Trigger (Active HIGH) Input FLATPAK (TOP VIEW) 
Cp Clear (Active LOW) Input 
6) Output (Active HIGH) 
6) Output (Active LOW) 


1 Unit Load (U.L.) = 40uA HIGH/1.6 mA LOW 


LOGIC DIAGRAM 


*Pins for ecternal timing. 


5-129 


FAIRCHILD LPTTL/MONOSTABLE e 96L02 


FUNCTIONAL DESCRIPTION — The 96L02 dual resettable, retriggerable monostable multivibrator has two inputs per function, one active 
LOW and one active HIGH. This allows leading edge of trailing edge triggering. The TTL inputs make triggering independent of input transition 
times. When input conditions for triggering are met, a new cycle starts and the external capacitor is rapidly discharged and then allowed to 
charge. An input cycle time shorter than the output cycle time will retrigger the 96L02 and result in a continuous true output. (See Rule 9) 
The output pulse may be terminated at any time by connecting the reset lead to a logic LOW. Active pull ups are provided on the outputs for 
good drive capability into capacitive loads. Retriggering may be inhibited by tying the Q output to the active LOW input or the OQ output to 
the active HIGH input. 


OPERATION RULES 


1. 


2. 


3. 


10. 


11, 


An external resistor (Ry) and external capacitor (Cy) are required as shown in the Logic Symbol. 

The value of Rx may vary from 16 kQ to 220 kQ2 for O to 75°C operation. The value of Rx may vary from 20 kQ to 100 kQ for —55 to 
125°C operation. 

The value of Cx may vary from 0 to any necessary value available. If, however, the capacitor has leakages approaching 1.0 wA or if stray cap- 
acitance from either terminal to ground is more than 50 pF, the timing equations may not represent the pulse width obtained. 

The output pulse with (t) is defined as follows: Ry is in kQ, Cy is in pF 
tisinns 


3.0 
t=0.33 RxCx [: = | (forCx > 103 pF) Where 
. for Cx < 103 pF, see Fig. 1 


if electrolytic type capacitors are to be used, the following three configurations are recommended: 
A. Use with low leakage capacitors: 


Vcc LEAD 2 (14) 
The normal RC configuration can be used predictably only if the forward capacitor leakage at Rx 
5.0 V is less than 1.0 wA, and the inverse capacitor leakage at 1.0 V is less than 1.6 wA over cx 
the operational temperature range and Rule 3 above is satisfied. er ee LO EAD 1 (15) 
B. Use with high inverse leakage current electrolytic capacitors: FD777 
The diode in this configuration prevents high inverse leakage currents through the capacitor Vee LEAD 2 (14) 
by preventing an inverse voltage across the capacitor. The use of this configuration is not F 
¥ F . x 
recommended with retriggerable operation. {ho Lean 1 (15) 


t ~ 0.3 RCx 


C. Use to obtain extended pulse widths: 
This configuration can be used to obtain extended-pulse widths, because of the larger timing 
resistor allowed by beta multiplication. Electrolytics with high inverse leakage currents can be 
used. 


Q4 


O LEAD 2 (14) 


R < Rx (0.7) (hee Q4) or <2.5 MQ whichever is the lesser és 
Rx (min) < Ry < Rx (max) —|-_-—-—0_ Lea 1115) 
Q1: NPN silicon transistor with hfe requirements of above 
equations, such as 2N5961 or 2N5962 
t ~ 0.3 RCx 
This configuration is not recommended with retriggerable operation. 


. ° é P ‘ * * a Se Rx > Rx (MIN) 
To obtain variable pulse width by remote trimming, the following circuit is recommended: O° ! et Dae eee ee 
EEAD S114 hk AS CLOSE AS POSSIBLE 


TO DEVICE 


LEAD 1(18) og Qe 


R Z Rx (MAX)—-RX 


Under any operating condition, Cx and Rx (min) must be kept as close to the circuit as possible to minimize stray capacitance and reduce 
noise pick up. 
Input Trigger Pulse Rules. See Triggering Truth Table, following pages. 

Input to Lead 5 (11) Input to Lead 4 (12) 


a —> gq t _ t t 
Lead 4 (12) = LOW sanseyec oe Bt oe | Lead 5 (11)=HIGH 0 PES peau nore 
Lead 3 (13) = HIGH £— sv \ f isv Lead 3 (13) = HIGH —— *%15v —— fisv 
Ov OV ov-—— 


. eae Ov . 
t4, tg = Min. Positive Input tPLH oe Sel patie | jeg toi ty = pees 


Pulse Width > 6O ns fw 
ed bois 1.5V 1.5V 
to, tq = Min. Negative Input aoureur Q ouTPUT # # 


Pulse Width > 60 ns 


. The retriggerable pulse width is calculated as shown below: 


3.0 
tw=t+tpLy = 0.33 Rx Cy (1+ Rx )* tPLH = tw 


The retrigger pulse width is equal to the pulse width (t) plus a delay time. Q OUTPUT | | 


For pulse widths greater than 500 ns, tw can be approximated as t. 
Retriggering will not occur if the retrigger pulse comes within ~ 0.9 Cx ns after the initial trigger pulse. (i.e., during the discharge cycle). 


Reset Operation — An overriding active LOW level is provided on each oneshot. By applying a LOW to the reset, any timing cycle can be 
terminated or any new cycle inhibited until the LOW reset input is removed. Trigger inputs will not produce spikes in the output when the 


reset is held LOW. 
RESET as: ae ine 
| PULSE | | 
OQ OUTPUT WIDTH 


—t—P> 


Q OUTPUT ae ee aan ee rr 


Vcc and Ground wiring should conform to good high frequency standards so that switching transients on Vcc and Ground leads do not 
cause interaction between one shots. Use of a 0.01 to 0.1 uF bypass capacitor between Vcc and Ground located near the 96L02 is 
recommended. 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature ~65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°c 
Vcc Lead Potential to Ground Lead -0.5 V to+7.0 V 
*Input Voltage (dc) -0.5V to+5.5 V 
*Input Current (dc) -30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) -0.5V to+Vcc 
Output Current (dc) (Output LOW) +30 mA 


*Ejither Input Voltage Limit or Input Current is sufficient to protect the inputs. 


GUARANTEED OPERATING RANGES 


SUPPLY VOLTAGE (Vcc) 


TEMPERATURE 


PART NUMBER 


= 
96L02XM -55°C to 125°C 
96LO02XC 4.75V 5.25V O°C to 75°C 


X = package type; F for Flatpak, D for Ceramic Dip. 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Uniess otherwise noted) 


TYP UNITS CONDITIONS 
MIN | (Note4) | MAX 
0 


Le 
Vcc = MIN, lox = -0.36 mA 


SYMBOL CHARACTERISTIC 


Dw) 


VIH Input HIGH Voltage 


ViL Input LOW Voltage 
VOH Output HIGH Voltage 2.4 


VOL Output LOW Voltage 


NH Input HIGH Current 


Ne Input LOW Current 
Isc Output Short Circuit Current 
los (Note 5) : 


NOTES: 


1. The actual testing procedures used to guarantee the Electrica! Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘worst case’’ conditions. 

3. The specified Limits represent the ‘‘worst case’’ value for the parameter. Since these ‘’worst case’’ values normally occur at the temperature 
and supply voltages extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

4. Typical limits are at Voc = 5.0 V, Tap = 25°C and maximum loading. 

5. Not more than one output should be shorted at a time. 


Guaranteed Input HIGH Threshold Voltage 
For all Inputs 


Guaranteed Input LOW Threshold Voltage 
For all Inputs 


Vcc = MAX, Vin = 0.3 V 


NO 


Vcc = MAX, Vout = 1.0 V 


oO 
t 
= 

ie) 


Vcc = MAX 
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SWITCHING CHARACTERISTICS: Tj = 25°C 


PARAMETER aula UNITS | 


SYMBOL CONDITIONS 


96L02XM 
Turn Off Delay, Negative Trigger 


Vcc = 5.0 V, Rx = 20 kQ 

Cx = 0, C, = 15 pF 

Veco = 5.0 V, Rx = 20 k2 

Cx = 0, Cy = 15 pF 

Vcc = 5.0 V, Rx = 20 kQ 

Cx = 0, CL = 15 pF 

Vcc = 5.0V, Rx = 39 kQ, Cx = 1000 pF 


tPLH 


Input to True Output 


Turn On Delay, Negative Trigger 


t 
ale Input to Complement Output 


t(min) Minimum True Output Pulse Width 


t Pulse Width 
Rx Timing Resistor Range 


Eee 
he Maximum Change in True Output Pulse 
| Width over Temperature Range 
96L02XC 


az 
— 
ae 


ns 
ns 
ns 


Rx = 39 kM, Cx = 1000 pF 


Turn Off Delay, Negative Trigger Vcc = 5.0 V, Rx = 20 k2 
Cx = 0, Cy = 15 pF 
Vec =5.0V, Rx = 20 kQ 
Cx = 0, Cy, = 15 pF 
Vcc =5.0 V, Rx = 20 k2 
Cx = 0, CL = 15 pF 


Vcc = 5.0 V, Rx = 39k, Cy = 1000 pF 


t 
ec Input to True Output 


Turn On Delay, Negative Trigger 
t : 
PHL Input to Complement Output 


t(min) Minimum True Output Pulse Width 


t Pulse Width 


Rx Timing Resistor Range 


Maximum Change in True Output Pulse 


[us 
kQ 
% 
ns 
ns 
us 
KQ 
% | 


At Rx = 39 kQ, Cx = 1000 pF 


Width over Temperature Range 


OUTPUT PULSE WIDTH (t) USING LOW VALUES OF Cx (Cx < 1000 pF) 
(FOR Cy > 1000 pF SEE OPERATION RULES 4 AND 5.) 


SNA] TT 
NANA 

N 

. 


aa 
PIN 
ae ei 


SiS meee 
bee eS ie SE 
Se Se 
IN 
N as 
CIN IN SAL 


NN 


Gnlmmail 


js 


40s 
CLI 


Hie 


IN 


aS 


\ 
NEw WAN 


aS 
TRA 


ee NE 


20 
cae ab 


Cy — TIMING CAPACITANCE — pF 


Fig. 1 
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NEGATIVE TRIGGER DELAY — ns 


FAIRCHILD LPTTL/MONOSTABLE e 96L02 


TYPICAL PULSE CHARACTERISTICS 


NEGATIVE TRIGGER DELAY TIME NORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE VERSUS OPERATING DUTY CYCLE VERSUS SUPPLY VOLTAGE 


Ta = 26°C 
Ry = 39 kx 


Ry = 39k2 
Cx = 1000 pF 
Tp 26°C 


NORMALIZED O/P PULSE WIDTH 
NORMALIZED OUTPUT PULSE 
WIDTH VERSUS SUPPLY VOLTAGE 


T, — AMBIENT TEMPERATURE — °C OPERATING DUTY CYCLE ~% SUPPLY VOLTAGE — VOLTS 
MIN. OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 


MIN OUTPUT PULSE WIDTH — ns 


Voc = 5.0V 
Ry = 39 ks) 
Cy = 1000 pF 


Voce =5.0V 
Ry = 20 ks? 
Cy =0 


NORMALIZED OUTPUT PULSE WID: -4 


-50 -25 0 25 50 75 100 125 
Ta — AMBIENT TEMPERATURE - °C Ty, — AMBIENT TEMPERATURE — °C 


TRIGGERING TRUTH TABLE 


LEAD NO’S. Aline: 
B(11) 4(12)__3(13) ee L 


LOW Voltage Level 


; H = HIGH Voltage Level 
Trigger L— H =LOW to HIGH Voltage Level Transition 
Trigger H-> L = HIGH to LOW Voltage Level Transition 
Reset X = Don’t Care 


SWITCHING CIRCUITS AND WAVEFORMS INPUT PULSE 


f~ 25 kHz 


100ns Amp ~ 3.0 V 
Width ~ 100 ns 
= < § 
ee ty = ty 10 ns 
ViN 


——pe| PLH |<— 
1.5V 
Vo 
$8} aa 
Vo | 
\ # 1.5V 
tPHL 
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96S02 


DUAL RETRIGGERABLE RESETTABLE 
~ MONOSTABLE MULTIVIBRATOR 


DESCRIPTION— The 96S02 is a Dual Retriggerable and Resettable Monostable which 
uses Schottky technology to provide wide delay range, stability, prediction accuracy and 
immunity to noise. The pulse width is set by an external resistor and capacitor. The 
96S02 may utilize timing resistors to 2 M2 thus reducing required capacitor values. 
Hysteresis is provided on the positive-going inputs for increased noise immunity. The 
~96S02 is fully compatible with all TTL families. 


LOGIC SYMBOL 


e REQUIRED TIMING CAPACITANCE REDUCED BY FACTORS OF 
10 TO 100 OVER CONVENTIONAL DESIGNS 


e BROAD TIMING RESISTOR RANGE — 1.5 kQ2 to 2 MQ 


e OUTPUT PULSE WIDTH IS VARIABLE OVER A 1300: 1 RANGE 
BY RESISTOR CONTROL 


e PROPAGATION DELAY OF 12 ns 


e OUTPUT PULSE WIDTH STABILITY OF +0.2% OVER 
0°C TO 75°C TEMPERATURE RANGE 


e OUTPUT PULSE WIDTH STABILITY OF +0.3% OVER 
4.75 V TO 5.25 V POWER SUPPLY RANGE 


e PULSE WIDTH VARIATION OF +5% FROM UNIT TO UNIT 
e 0.3 V HYSTERESIS ON POSITIVE TRIGGER INPUT 


e OUTPUT PULSE WIDTH INDEPENDENT OF DUTY CYCLE 


Vcc = Pin 16 
e 27 ns TO ~ OUTPUT PULSE WIDTH RANGE GND= Pin 8 


e RESETTABLE IN 9ns 
CONNECTION DIAGRAM 


e SAME PINOUT AS 9602, 96L02 | | DIP (TOP VIEW) 


PIN NAMES LOADING (Note a) 

lo Trigger (Active LOW) Input 0.625 U.L 

4 Schmitt Trigger (Active HIGH) Input 0.5 U.L. 0.625 U.L. 

Co Clear (Active LOW) Input 0.5 U.L. 0.625 U.L. 

Q Pulse (Active HIGH) Output 25 ULL. 12.5 U.L. 

Q Pulse (Active LOW) Output 25 ULL. 12.5 ULL. 

*Pins for external timing. 

NOTE: 


a. 1 TTL Unit Load (U.L.) = 40 vA HIGH, 1.6 mA LOW. 
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FAIRCHILD TTL/MONOSTABLE * 96802 


FUNCTIONAL DESCRIPTION — The 96802 Schottky Dual Retriggerable Resettable Monostable Multivibrator has two dc 
coupled trigger inputs per function, one active LOW (Ig) and one active HIGH (14). The 4 input utilizes an internal Schmitt 
trigger with hysteresis of 0.3 V to provide increased noise immunity. The use of active HIGH and LOW inputs allows either 
leading or trailing edge-triggering and optional non-retriggerable operation. The inputs are dc coupled making triggering 
independent of input transition times. When input conditions for triggering are met, the Q output goes HIGH and the 
external capacitor is rapidly discharged and then allowed to recharge. An input trigger which occurs during the timing cycle 
will retrigger the 96802 and result in Q remaining HIGH. The output pulse may be terminated (Q to the LOW state) at any 
time by setting the Direct Clear input LOW. Retriggering may be inhibited by tying the Q output to Ig or the Q output to I4. 
Differential sensing techniques are used to obtain excellent stability over temperature and power supply variations and a 
feedback Darlington capacitor discharge circuit minimizes pulse width variation from init to unit. Schottky TTL output 
stages provide high switching speeds and output compatibility with all TTL logic families. High impedance inputs minimize 
loading and provide compatibility with low power families such as 9LS/74LS. 


OPERATION RULES 
TIMING 


1. An external resistor (Ry) and external capacitor (Cy) are required as shown in the Logic Diagram. The value of Ry may 
vary from 1.5 kQ to 2 MQ. 


2. The value of Cy may vary from 0 to any necessary value available. If, however, the capacitor has significant leakage 
relative to Vec/Ry the timing equations may not represent the pulse width obtained. 


3. Polarized capacitors may be used directly. The (+) terminal of a polarized capacitor is connected to pin 71 (15), the (—) 
terminal to pin 2 (14) and Ry. Pin 1 (15) will remain positive with respect to pin 2 (14) during the timing cycle; however, 
during quiescent (non-triggered) conditions, pin 1 (15) may go negative with respect to 2 (14) depending on values of Rx 
and Vcc. For values of Rx = 10 kQd the maximum amount of capacitor reverse polarity, pin 1 (15) negative with respect 
to pin 2 (14) is 500 mV. Most tantalum electrolytic capacitors are rated for safe reverse bias operation up to 5% of their 
working forward voltage rating; therefore, capacitors having a rating of 10 WVDC or higher should be used when 
Rx = 10 kX. 


4. The output pulse width ty for Ry > 10 kQ and Cy > 100 pF is determined as follows: 


tw=0.5 RyCy | Where Ry is in k2, Cy is in pF a Rx isin kQ, Cx is in uF, 


tis inns tis in ms 


5. The output pulse width for Ry < 10 k&2 or Cy < 1000 pF should be determined from pulse width versus Cy or 
Ry graphs. 


6. To obtain variable pulse width by remote trimming, the following circuit is recommended: 


1.5 kQ 


PIN 2 (14) | 
L AS CLOSE AS POSSIBLE Ry —1.5 kQ 
i TO DEVICE 


PIN 1 (15) 


7. Under any operating condition, Cy and Ry (min) must be kept as close to the circuit as possible to minimize stray 
capacitance and reduce noise pickup. 


8. Vec and ground wiring should conform to good high frequency standards so that switching transients on Vcc and 
ground leads do not cause interaction between one shots. Use of a 0.01 to 0.1 UF bypass capacitor between Vec and 
ground located near the 96S02 is recommended. 
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FAIRCHILD TTL/MONOSTABLE ¢ 96S02 


TRIGGERING 
1. The minimum negative pulse width into lo is 8 ns; the minimum positive pulse width into 14 is 12 ns. 
2. Input signals exhibiting slow or noisy transitions should use the positive trigger input 14 which contains a Schmitt trigger. 


3. When non-retriggerable operation is required, i.e., when input triggers are to be ignored during quasi-stable state, input 
latching is used to inhibit retriggering. 


C, Ry C 4 
+ 


NEGATIVE EDGE-TRIGGER POSITIVE EDGE-TRIGGER 


4. An overriding active LOW level direct clear is provided on each multivibrator. By applying a LOW to the clear, any timing 
cycle can be terminated or any new cycle inhibited until the LOW reset input is removed. Trigger inputs will not produce 
spikes in the output when the reset is held LOW. A LOW to HIGH transition on Cp will not trigger the 96S02. 


TRIGGERING TRUTH TABLE 


eee OPERATION 
5(11) 4(12) 3(13) H HIGH Voltage Level > Viy 


> 
L LOW Voltage Level < Vj. 
Trigger X = Don't Care (either H or L) 

HL = HIGH to LOW Voltage Level transition 
L—-H = LOW to HIGH Voltage Level transition 


it 


Trigger 


Reset 


ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Vec Pin Potential to Ground Pin —0.5 V to +7.0 V 
“Input Voltage (dc) —0.5 V to +5.5 V 
*tnput Current (dc) —30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) —0.5 V to +V¢c value 
Output Current (dc) (Output LOW) +50 mA 


*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 


RECOMMENDED OPERATING CONDITIONS 


96SO02XC 
PARAMETER UNITS 


Operating Free-Air Temperature Range 


Input Loading for Each Input a a 0.625 U.L. 


X = package type; D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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FAIRCHILD TTL/MONOSTABLE * 96S02 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


TEST CONDITIONS 


SYMBOL PARAMETER UNITS 
MIN | TYP (Note 1) 
ViH Input HIGH Voltage Except Pins 4 & 12 Po2Od fe we Guaranteed Input HIGH Voltage 
VIL Input LOW Voltage Except Pins 4 & 12 a ee Guaranteed Input LOW Voltage 
Vep | Input Clamp Diode Voltage | [0.65 } -12] Vv Vec = MIN, liy =—-18 mA 
. Positive-Going Threshold Voltage, cs 6 . Soe ee 
i? Pins 4& 12 : ; Coe rene 
Negative-Going Threshold Voltage, s 
VT— ; V Vcc =5.0V,Ta =25C 
Pins4& 12 
Vcc =MIN, | =—1.0mA 
IN = ¥- 
Vcc =MIN, | = 20 mA, 
VoL Output LOW Voltage 0.35} o5] Vv ce oe 
Vin = Vind or Vin 
0.2 20 MA Vcc = MAX, Vin = 2.7 V 
he aaaetenceunant a cc IN 
0 ma [Vcc = MAX, ViN=55V 
ii input LOW Current /P =0.6 | =1.0 | mA | Voc = MAX, Vin = 0.5 V 
—0.85 3.0 V Ry = 1.5 kQ 
Vox é ae as ae re ee ey 
Referenced to Pin 1 to 5. 
moat [30] v_[axsima 
los Output Short Circuit Current (Note 3) —40 | —65 |—100__ mA Vcc = MAX, VouT=0V 
lec Quiescent Power Supply Drain | ff 48 | 70 | mA Inputs Open 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

Not more than one output should be shorted at a time. 


2: 
3. 


AC CHARACTERISTICS: Tj = 25°C, Veco = 5.0 V, Cy = 15 pF (unless otherwise noted) 


anne 


LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 
MIN| TYP MAX 

tPLH Negative Trigger Input to True Output ote dO ap | one. | 

Negative Trigger Input 
tPHL 12 

to Complement Output 
tPLH Positive Trigger Input to True Output Sete eS 

Positive Trigger Input 
tPHL 20 

to Complement Output 
tPHL Clear Input to True Output Et 6.5 | 10] ns | 
tPLH Clear Input to Complement Output fhe 9.0 | 14{ ns | 
t Min. Negative Trigger 3.0 
WIMIN) | pulse Width on lo 
‘ Min. Positive Trigger 70 12 
WiMIN} Pulse Width on 14 
tw(MIN) | Min. Clear Pulse Width | | 3.0 | 7.0] ns | 
tw(MIN) |Min. True Output Pulse Width eof 27 a8) ons. | Rx = 1.5 kQ, Cx = stray capacity only 

; ; Rx = 1.5 kQ, Cx = 10 pF including stray 
twW(MIN) |Min. True Output Pulse Width 30 38 45 - : 
and jig capacitance 

tw True Output Pulse Width 149] 5.2 | 5.5] us |Voc=5.0 V, Rx = 10 kQ, Cx = 1000 pF 
Rx Timing Resistor Range Paeep.. ==] 2000 Ta = 0°C to 75°C, Vcc = 4.75 V to 5.25 V 
ee Max. Change in True Output Pulse oan «7 Ta =O Cto 75 C, Voc = 5.0 V, 

Width over Temperature Range * | Ry = 10 kQ, Cx = 1000 pF 
a Max. Change in True Output Pulse eae sal Ta = 25°C, Vcc = 4.75 V to 5.25 V, 

Width over Vcc Range "IT Ry = 10 k®, Cx = 1000 pF 
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FAIRCHILD TTL/MONOSTABLE ® 96802 


TYPICAL CHARACTERISTICS 


| OUTPUT PULSE WIDTH 
VERSUS TIMING RESISTOR (Rx) 
AND TIMING CAPACITOR (Cx) 


1000 


100 
ine 1000 pF. 


Y| 
ie 


Ry — TIMING RESISTOR — kQQ 


ae 1000 
ty — OUTPUT PULSE WIDTH (us) 


*Guarsatecd Emits are 4.9 us to 5.5 us. 


OUTPUT PULSE WIDTH VERSUS 
TIMING CAPACITANCE FOR LOW 
_ VALUES OF Cx (< 1000 pF) 


ty — OUTPUT PULSE WIDTH — s 


Cy — TIMING CAPACITANCE — pF 


*Guaranteed Limits are 4.9 us to 5.5 us. 
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FAIRCHILD TTL/MONOSTABLE ° 96S02 


TYPICAL CHARACTERISTICS (Cont‘d) 


MINIMUM OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE DELAY FROM NEGATIVE TRIGGER 
VERSUS POWER SUPPLY VOLTAGE WIDTH VARIATION INPUT lg TO OUTPUTS 
(NO EXTERNAL TIMING CAPACITOR) VERSUS AMBIENT TEMPERATURE 
30 15 


Cy = 1.5 pF STRAY x Cy = 15 pF 
2 29 Cy =Cy4=3.5pF § CAPACITANCE \ Cy = > 1000 pF 14 
f Cy. = 15 pF é ae é 
A S) 
E28 < a 13 }~ tpy - COMPLEMENT OUTPUT (G) ——} poe 
ea 
se = 5 12 — see 
Lad = io 
2 26 w 4 
5 2 & tpLH - TRUE OUTPUT (Q) - 
2 25 5 a 10 ae 
é 2 0 
1 2 a 
= 2 : 9.0 
4 
23 8.0 
0 25 50 75 0 
T, — AMBIENT TEMPERATURE ~ °C T, — AMBIENT TEMPERATURE — °C Ta AMBIENT TEMPERATURE 2.0 
DELAY FROM POSITIVE TRIGGER 
INPUT 14 TO OUTPUTS NORMALIZED OUTPUT PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE VARIATION VERSUS DUTY CYCLE 


pace 
ae ee, 


9601, 9602 (REFERENCE ONLY) V 


4.0 


tp, — COMPLEMENT OUTPUT (Q) — 


ra Lt rd Lae 


ad ee 


tpp — DELAY, 1; TO OUTPUTS ~ ns 


At — OUTPUT PULSE WIDTH VARIATION — % 


Tp, — AMBIENT TEMPERATURE -°C DUTY CYCLE - % 


AC CIRCUITS AND WAVEFORMS 
INPUT PULSE 


f = 100 kHz 


Amp = 3.0 V 
— Width ~ 100 ns 
tp =ts <5 ns 


——te| 'PLH |<<J— 


i 


Vcc = Pin 16 | 
GND=Pin 8 "PHL 
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LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


9400 MACROLOGIC" TTL SERIES 


GENERAL DESCRIPTION — Fairchild 9400 MACROLOGIC TTL Series utilizes advanced Schottky technology to provide high 
performance peripheral and processor oriented LSI. The design of 9400 ensures maximum design flexibility with no performance 
loss. The MACROLOGIC TTL elements may be used with any bit length, instruction set or organization. Devices may be expanded 
with little or no extra components. Where applicable, bus oriented, 3-state outputs are provided. A new slim 24-pin package re- 
duces PC board real estate by a third. 


150-250 GATE COMPLEXITY 

COMPATIBLE WITH ALL TTL FAMILIES 

PERFORMANCE EQUIVALENT TO SCHOTTKY IMPLEMENTATION 

14, 18 AND SLIM 24-PIN PACKAGES 

INPUTS ABOUT 1/4 NORMAL TTL LOAD, i.e., 360-400 UA 

OUTPUTS DRIVE 16 mA (10U.L.) OR 8mA (5U.L.) DEPENDING ON APPLICATION 
DESIGNED FOR*MAXIMUM FLEXIBILITY 

OPERATES OVER COMMERCIAL OR MILITARY TEMPERATURE RANGE 


ADVANCED SCHOTTKY PROCESS 


The 9400 family uses an advanced Schottky TTL process to obtain the best speed/power product of any commercially available 
digital bipolar circuitry. Key characteristics are as follows: 


®@ SHALLOW, LOW CAPACITANCE DIFFUSION TO PROVIDE TRANSISTOR f+ OF 2 GHz 
® SCHOTTKY DIODES TO ELIMINATE STORAGE TIME 
@ INTERNAL GATES 
—30 mils2 (50 GATES PER mm2) 
—5 ns DELAY 
—6.0 pJ DELAY POWER PRODUCT 
@® OUTPUT BUFFERS 
—70 mils2 
—6 ns DELAY 
—10 pJ DELAY POWER PRODUCT 
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9401 
CRC GENERATOR/CHECKER 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The 9401 Cyclic Redundancy Check (CRC) Generator/Checker 
provides an advanced tool for the implementation of the most widely used error 
detection scheme in serial digital data handling systems. A 3-bit control input selects 
one-of-eight generator polynomials. The list of polynomials includes CRC-16 and 
CRC-CCITT as well as their reciprocals (reverse polynomials). Automatic right 
justification is incorporated for polynomials of degree less than 16. Individual clear and So Sy Sg CWE 
preset inputs are provided for floppy disc and other applications. The Error Output ee 
indicates whether or not a transmission error has occurred. Another control input inhibits Seen 
feedback during check word transmission. The 9401 is a member of Fairchild’s 

MACROLOGIC TTL family and is fully compatible with all TTL families. 


LOGIC SYMBOL 


Vcc = Pin 14 
GND = Pin 7 


CONNECTION DIAGRAM 


e GUARANTEED 12 MHz DATA RATE DIP (TOP VIEW) 
e EIGHT SELECTABLE POLYNOMIALS 
e ERROR INDICATOR 
e SEPARATE PRESET AND CLEAR CONTROLS 
e AUTOMATIC RIGHT JUSTIFICATION 
e FULLY COMPATIBLE WITH ALL TTL LOGIC FAMILIES 
e 14-PIN PACKAGE | 
e TYPICAL APPLICATIONS: 
FLOPPY AND OTHER DISC STORAGE SYSTEMS 
DIGITAL CASSETTE AND CARTRIDGE SYSTEMS 
DATA COMMUNICATION SYSTEMS 
Pins 6 and 9 not connected. 
NOTE: 
PIN NAMES LOADING (Note a) The Flatpak version has the same 
Tice TTR (Sees 
So — $9 Polynomial Select Inputs 0.5 ULL. 0.23 U.L. 
D Data Input 0.5 ULL. 0.23 U.L. BLOCK DIAGRAM 
CP Clock {Operates on HIGH to 0.5 U.L. 0.23 U.L. 
LOW Transition) Input POLYNOMIAL 3 
CWE Check Word Enable Input 0.5 ULL. 0.23 U.L. 8 
P Preset (Active LOW) Input 0.5 ULL. 0.23 U:L. aces 
MR Master Reset (Active HIGH) Input 0.5 ULL. 0.23 ULL. ENABLE 10 
Q Data Output (Note b) 10 ULL. 5 ULL. ERESED: 32 
ER Error Output (Note b) 10 ULL. BULL. re mage 
clock iO OUTPUT 
"EE 
13 ERROR 
NOTES: | Vec = 14 
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. GND= 7 


b. The Output LOW drive factor is 2.5 U.L. for Military (XM) and 5 U.L. for Commercial (XC) 
Temperature Ranges. 
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FAIRCHILD ¢ 9401 


FUNCTIONAL DESCRIPTION — The 9401 Cyclic Redundancy Check (CRC) Generator/Checker is a 16-bit programmable 
device which operates on serial data streams and provides a. means of detecting transmission errors. Cyclic encoding and 
decoding schemes for error detection are based on polynomial manipulation in modulo arithmetic. For encoding, the data 
stream (message polynomial) is divided by a selected polynomial. This division results in a remainder which is appended to 
the message as check bits. For error checking, the bit stream containing both data and check bits is divided by the same 
selected polynomial. If there are no detectable errors, this division results in a zero remainder. Although it is possible to 
choose many generating polynomials of a given degree, standards exist that specify a small number of useful polynomials. The 
9401 implements the polynomials listed in Table 1 by applying the appropriate logic levels to the select pins Sg, Sq and So. 


The 9401 consists of a 16-bit register, a Read Only Memory (ROM) and associated control circuitry as shown in the Block 
Diagram. The polynomial control code presented at inputs Sg, S41 and S5 is decoded by the ROM, selecting the desired 
polynomial by establishing shift mode operation on the register with Exclusive OR gates at appropriate inputs. To generate 
the check bits, the data stream is entered via the Data Inputs (D), using the HIGH to LOW transition of the Clock Input (CP). 
This data is gated with the most significant Output (Q) of the register, and controls the Exclusive OR gates (Figure 1). The 
Check Word Enable (CWE) must be held HIGH while the data is being entered. After the last data bit is entered, the CWE is 
brought LOW and the check bits are shifted out of the register and appended to the data bits using external gating (Figure 2). 


To check an incoming message for errors, both the data and check bits are entered through the D Input with the CWE Input 
held HIGH. The 9401 is not in the data path, but only monitors the message. The Error Output becomes valid after the last 
check bit has been entered into the 9401 by a HIGH to LOW transition of CP. If no detectable errors have occurred during 
the data transmission, the resultant internal register bits are all LOW and the Error Output (ER) is LOW. If a detectable error 
has occurred, ER is HIGH. ER remains valid until the next HIGH to LOW transition of CP or until the device has been preset 
or reset. 


A HIGH on the Master Reset Input (MR) asynchronously clears the register. A LOW on the Preset Input (P) asynchronously 
sets the entire register if the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit check polynomials 
only the most significant 12 or 8 register bits are set and the remaining bits are cleared. 


TABLE 1 


SELECT CODE 
POLYNOMIAL 


X 164154244 CRC-16 


X164+x144+x4+1 CRC-16 REVERSE 
X 164154134 7+X44+X24+K 141 

X124114+X34X24+X4+1 

X84X74+X54+X44X+1 

x8+4 LRC-8 

X 164 124x544 CRC-CCITT 


—] ©£ fo Dee rr oe 
ae a SE EE CI 
ae ee. Fe? ae sR - I 


X 1641144414 CRC-CCITT REVERSE 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless GUNenWIse noted) 


N 
nN 


SYMBOL PARAMETER caida fs UNITS TEST CONDITIONS (Note 1) 
ViH a ee Guaranteed Input HIGH Voltage 
Vib -——| 44 — Guaranteed Input LOW Voltage 
VeD rf 09 | is “Vee = MIN, li = —18 mA 
Vou ao Voc = MIN, IH = —400 WA 


Vcc = MIN, lot = 4.0 mA 
Vcc = MIN, lo, = 8.0 mA 
Vcc = MAX, Vin = 2.7 V 
Vec = MAX, Vin = 5.5 V 
Vcc = MAX, Vin = 0.4 V 
Vcc = MAX, VouT = 0 V (Note 3) 
Vcc = MAX, Inputs Open 


3 
> 


Input LOW Current 
los Output Short Circuit Current 


yee |_—__ 

cman Sx 
HH Input HIGH Current 

a 

eae 

Loe 


rc 
—_ 
—_ 
© 


lec Supply Current 70 
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FAIRCHILD ¢ 9401 


AC CHARACTERISTICS: Vcc = 5.0 V, Ta = 25°C 


PARAMETER CONDITIONS 


SYMBOL 


Maximum Clock Frequency 


Propagation Delay, Clock, MR to Data Output 


Fig. 3,4,5 Cy. = 15 pF 


Propagation Delay, Preset to Data Output 


Propagation Delay, Clock, 
MR or Preset to Error Output 


AC SET-UP REQUIREMENTS: Vcc = 5.0 V, Ta = 25°C 


LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 


tyCP (L) Clock Pulse Width (LOW) | a5 | | 
tsD Set-up Time, Data to Clock 
ts;CWE Set-up Time, CWE to Clock 


(2) 
°) ol 
on) oOo 
ory; oO 
AlLNA a 


5 
n 


Fig. 6 
th Hold Time, Data and CWE to Clock ete ell : CL = 15 pF 
twP (L) Preset Pulse Width (LOW) 25 ns 
tywMR {H) Master Reset Pulse Width (HIGH) 25 ns 
: 


= 
a 
z | 
as 
4 
@ 
QO 
io) 
< 
@ 
x 
< 
a 
=) 
Mi 
= 
= 8) 
= 
2 
(om 
m°) 
“ 
7) 
n 
@ 
ct 
ot 
O| 
: 
io) 
i?) 
nan 
| 
NO 
oO 
ie) 
oO 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vec = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


EQUIVALENT CIRCUIT FOR X164+X154+X2+4 


FAIRCHILD e 9401 


DATA PLUS 
CHECK BITS 


CHECK WORD 
ENABLE 
(NOTE 1 AND 3) 


9401 
CRC 

GENERATOR/ 
CLOCK. OCP CHECKER 


NOTE 2 


NOTES: 

1. Check word Enable is HIGH while data is being clocked, LOW during transmission of check bits. 
2. 9401 must be reset or preset before each computation. 

3. CRC check bits are generated and appended to data bits. 


Fig. 2 
CHECK WORD GENERATION 


QORER 


cP 


PROPAGATION DELAYS, P TO Q AND ER 
PLUS RECOVERY TIME P TO CP 


Fig. 3 
PROPAGATION DELAYS, 
CP TO Q AND CP TO ER 


DOR CWE 


Fig. 6 
SET-UP AND HOLD TIMES, 
D TO CP AND CWE TO CP 


Fig. 5 
PROPAGATION DELAYS, MR TO Q AND ER 
PLUS RECOVERY TIME, MR TO CP 
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9403 
FIRST-IN FIRST-OUT (FIFO) BUFFER MEMORY 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The 9403 is an expandable fall-through type high-speed First-In LOGIC SYMBOL 
First-Out (FIFO) Buffer Memory optimized for high speed disc or tape controllers and 
communication buffer applications. It is organized as 16 words by four bits and may be 
expanded to any number of words or any number of bits (in multiples of 4). Data may be 
entered or extracted asynchronously in serial or parallel, allowing economical implemen- 
tation of buffer memories. 


The 9403 has 3-state outputs which provide added versatility. It is a member of 
Fairchild’s TTL MACROLOGIC family and is fully compatible with all TTL families. 


12 MHz SERIAL OR PARALLEL DATA RATE 
SERIAL OR PARALLEL INPUT 


@ 
e SERIAL OR PARALLEL OUTPUT 
e EXPANDABLE WITHOUT EXTERNAL LOGIC 
e 3-STATE OUTPUTS 
e FULLY COMPATIBLE WITH ALL TTL FAMILIES 19 20 21 22 
e 24-PIN PACKAGE 
Vcc = Pin 24 

PIN NAMES LOADING (Note a) GND = Pin 12 
Do — D3 Parallel Data Inputs CONNECTION DIAGRAM 
Ds Serial Data Input DIP (TOP VIEW) 
PL Parallel Load Input 
CPSI Serial Input Clock (Operates on 

Negative-Going Transition) 
IES Serial Input Enable (Active LOW) 
TTS Transfer to Stack Input (Active LOW) 
OES Serial Output Enable Input 

(Active LOW) 
TOS Transfer Out Serial Input 

(Active LOW) 
TOP Transfer Out Parallel Input 
MR Master Reset (Active LOW) 
EO Output Enable (Active LOW) 
CPSO Serial Output Clock Input 

(Operates on Negative-Going Transition) 
Qo — 93 Parallel Data Outputs (Note b) 
Oc Serial Data Output (Note b) 
IRF Input Register Full Output 

(Active LOW) (Note b) 
ORE Output Register Empty Output 

(Active LOW) {Note b) a Evel version has the same 
NOTES: pinouts (Connection Diagram) as the 


Dual In-Line Package. 


a. 1 unit load (U.L.) = 40 uwA HIGH, 1.6 mA LOW. 
b. Output fan-out with Vo, <0.5 V 
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FAIRCHILD ¢ 9403 


SSS SINT OTA So 
p23 Do D, Do 
PL 
INITIALIZE — 
Ds - 
TES 
CPSi 


INPUT REG > STACK ——— 
(PULSE DERIVED FROM TTS) 


ere ee INPUTS TO Se ee ea 


Fig. 1 
CONCEPTUAL INPUT SECTION 


C  ——  — OUTPUT FROM ee te 


LOAD FROM STACK 


INITIALIZE 


CPSO 


ie) Q Q Q | Q 
E 
: 3 2 OUTPUT DATA Z ? 


Fig. 2 
CONCEPTUAL OUTPUT SECTION 
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FAIRCHILD * 9403 


BLOCK DIAGRAM 


ae INPUT DATA 
cpsi——O — 
ae INPUT 
(9) "S——O}_~— contro INPUT REGISTER 
Tis ——O 


= STACK 
(4) MR ee 14 X 14 STACK 


OUTPUT 
CONTROL 


(14)TOS ——O OUTPUT DATA 


OUTPUT REGISTER 


Vpp = Pin 24 CORORORG) 
Vss = Pin 12 
‘@) = Pin Numbers 


FUNCTIONAL DESCRIPTION — As shown in the Block Diagram the 9403 consists of three parts: 


1. An Input Register with Parallel and Serial Data Inputs as well as control inputs and outputs for input handshaking and 
expansion. 


2. A 4-bit wide, 14-word deep Fall-Through Stack with self-contained control logic. 


3. An Output Register with Parallel and Serial Data Outputs as well as control inputs and outputs for output handshaking 
and expansion. 


Since these three sections operate asynchronously and almost independently, they will be described separately below: 


INPUT REGISTER (DATA ENTRY): 
The Input Register can receive data in either bit-serial or in 4-bit parallel form, store it until it is sent to the Fall-Through 
Stack and generate and accept the necessary status and control signals. 


Figure 1 is a conceptual logic diagram of the input section. As described later, this 5-bit register is initialized by setting the F3 
Flip-Flop and resetting the other flip-flops. The Q Output of the last Flip-Flop (FC) is brought out as the oe Register 
Full’’ output (IRF). After initialization this output is HIGH. 


FAIRCHILD * 9403 


PARALLEL ENTRY: 

A HIGH level on the PL Input loads the Dg — Dg Data Inputs into the FO — F3 Flip-Flops and sets the FC Flip-Flop, which 
forces IRF LOw, indicating “Input Register Full’’. The D Inputs must be stable while PL is HIGH. During parallel entry, the 
iES Input should be LOW; the CPSI Input may be either HIGH or LOW. 


SERIAL ENTRY: | 
Data on the DS Input is serially entered into the F3, F2, F1, FO, FC Shift Register on each HIGH-to-LOW transition of the 
CPSI Clock Input, provided [ES and PL are LOW. 


After the fourth clock transition the four serial data bits are aligned in the four data flip-flops and the FC Flip-Flop is set, 
forcing IRF LOW (Input Register full) and internally inhibiting further CPS! clock pulses, Figure 3 illustrates the final 
positions in a 9403 resulting from a 64-bit serial bit train. BO is the first bit, B63 the last bit. 


TRANSFER TO THE FALL-THROUGH STACK: ca 

The outputs of Flip-Flops FO — F3 feed the Stack. A LOW level on the TTS Input attempts to initiate a ‘‘fall-through” 
action. If the top location of the Stack is empty, data is loaded into the Stack and the input register is re-initialized. Note that 
this initialization is postponed until PL is LOW again. Thus, automatic FIFO action is achieved by connecting the IRF output 
to the TTS input. 


Data falls through the Stack automatically, pausing only when it is necessary to wait for an empty next location. In the 9403, 
as in most modern FIFO designs, the MR input only initializes the Stack control section and does not clear the data. 


OUTPUT REGISTER (DATA EXTRACTION): 

The Output Register receives 4-bit data words from the bottom Stack location, stores it and outputs data on a 3-state 4-bit 
parallel data bus or on a 3-state serial data bus. The output section generates and receives the necessary status and control 
signals. Figure 2 is a conceptual iogic diagram of the output section. 


‘INPUT 
REGISTER 


rowrpur.. Ct ee Og 
f REGISTER 


Fig. 3 
FINAL POSITIONS IN A 9403 RESULTING 
FROM A 64-BIT SERIAL TRAIN 


PARALLEL DATA EXTRACTION: a 

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty (ORE) Output is LOW. After data 
has been entered into the FIFO and has fallen through to the bottom Stack location, it is transferred into the output register, 
provided the ‘Transfer Out Parallel’ (TOP) Input is HIGH, and the OES Input is LOW. As a result of the data transfer ORE 
goes HIGH, indicating valid data on the data outputs (provided the 3-state buffer is enabled). TOP can now be used to clock 
out the next word. When TOP goes LOW, ORE will go LOW indicating that the output data has been extracted, but the data 
itself remains on the output bus until the next LOW-to-HIGH transition of TOP transfers the next word (if available) into the 
output register as explained above. During parallel data extraction, TOS, CPSO, and OES should be LOW. 


SERIAL DATA EXTRACTION: ae oe 

When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty (ORE) output is LOW. After data 
has been entered into the FIFO and has fallen through to the bottom Stack location, it is transferred into the output shift 
register provided the ‘‘Transfer Out Serial’ (TOS) is LOW. TOP must be HIGH, and OES and CPSO must be LOW. As a result 
of the data transfer ORE goes HIGH indicating valid data in the shift register. The 3-state serial Data Output Qo is 
automatically enabled and puts the first data bit on the output bus. Data is serially shifted out on the HIGH-to-LOW 
transition of CPSO. The fourth transition empties the shift register, forces ORE LOW and disables the serial output Oc. For 


serial operation the ORE output may be tied to the TOS input, requesting a new word from the Stack as soon as the previous 
one has been shifted out. 


FAIRCHILD * 9403 


EXPANSION: 

Vertical Expansion — The 9403 may be vertically expanded to store more words without external parts. The interconnections 
necessary to form a 46-word by 4-bit FIFO are shown in Figure 4. Using the same technique, any FIFO of 15n + 1 words by 
four bits can be constructed. Note that expansion does ot sacrifice any of the FIFO’s flexibility for serial/parallel input and 
output. 


PARALLEL DATA IN 


MASTER PARALLEL 
RESET LOAD D3] D2] 04] 05 


SERIAL DATA IN 


SERIAL INPUT CLOCK 


DUMP 
SERIAL OUTPUT CLOCK 


DATA VALID 
OUTPUT ENABLE 


SERIAL 
DATA OUT 


PARALLEL DATA OUT 


Fig. 4 
A VERTICAL EXPANSION SCHEME 


Horizontal Expansion — The 9403 may also be horizontally expanded to store long words (in multiples of four bits) without 
external logic. The interconnections necessary to form a 16-word by 12-bit FIFO are shown in Figure 5. Using the same 
technique, any FIFO of 16 words by 4 Xn bits can be constructed. When expanding in the horizontal direction, it is usual to 
connect the IRF and ORE outputs of the right mast device (most significant device) to the TTS and TOS inputs respectively 
of all devices to the left (less significant devices) to guarantee that no operation is initiated before all devices are ready. 


As in the vertical expansion scheme, horizontal expansion does not sacrifice any of the FIFO’s flexibility for serial/parallel 
input and output. 
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1S CE DRS dL EE Ore, 
D Dz Dg Ds Dg 


3 Dp Dy Do D142749 Dg Dg 
ae SS ee eee Se eae 
‘ a EE G2: Seams Ge Ea ek Se 


PL De De D5 D 
tts 5° 3 21 


PLO De. De Bs. Oy De 
re eee EO 
IES IRFfo 
CPS! 
OES 
| TOS 
TOP 
CPSO 
OREO OREO 
“mr Q3 Qp Q1, Ap Ag 


e 
DATA 
READY 


G3] G5] Oy] Gp O77? 19f Po] Og 


9403 


Fig. 5 
A HORIZONTAL EXPANSION SCHEME 


PARALLEL DATA INPUT 
D3D204D9 D7 Dg Ds Dy D11019Dg Dg D45D44043019 


SERIAL DATA INPUT 


PARALLEL LOAD tah ees 0 1h eee 8 
INPUT CLOCK 0 hk ees 2 ae uy 


MR 


5 
: 
HY} }] | ep a te 
ENABLE Seer 3 ee 2 SERIAL 
laa CS SRA 2 RC Ra ls 1 Se ouTeuT 
er 6 Eh ee 


se ae 3 7 es Rae io eee 


DUMP 
Q3050,0 Q7 Og Of O 044019090 045044043049 
a feet PARALLEL DATA OUTPUTL 2 28 a esa 


Fig. 6 
A 31 X 16 FIFO ARRAY 
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Horizontal and Vertical Expansion — The 9403 can be expanded in both the horizontal and vertical direction without any 
external parts and without sacrificing any of the FIFO’s flexibility for serial/parallel input and output. The interconnections 


necessary to form a 31-word by 16-bit FIFO are shown in Figure 6. Using the same technique, any FIFO of 15n4 + 1 words 
by 4 X ng bits can be constructed. 


Figures 7 and 8 show the timing diagrams for serial data entry and extraction for the 31-word by 16-bit FIFO shown in 
Figure 6. The final position of data after serial insertion of 496 bits into the FIFO array of Figure 6 is shown in Figure 9. 


DEVICE 1 tp-—s  k«-—— 
| ! Zz 
{RE ' 
;ad 
| 
DEVICE 2 tp—+t1  «———_ 
ST | it [ 
IRE tot 
| | 
! 14 
DEVICE 3 tp4+—>} 
_ 1 ] 
IRF , ; 
{ | 
| 1 | 
DEVICE 4/TTS ALL DEVICES itpb——> + —— 
| 
IRF ; 
INPUTS 
BITS 


STORED IN STORED IN STORED IN STORED IN 
DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 


Fig. 7 
SERIAL DATA ENTRY FOR ARRAY OF FIG. 6 


DEVICE 5 tp—s k— 
a { Zz 
ORE ! 
ttt 
rtd 
DEVICE 6 ee ee 
It 
OR | 14 | 
i i | 
' 14 
DEVICE 7 pal 
\ | 
i an} 
| a} 
DEVICE 8 TOS ALL DEVICES tps k—— 
| 
ORE 


SERIAL DATA OUTPUT 


nero, NE” 
DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8 


Fig. 8 
SERIAL DATA EXTRACTION FOR ARRAY OF FIG. 6 
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SERIAL 
INPUT 


SERIAL 
OUTPUT 


Fig. 9 
FINAL POSITION OF A 496-BIT SERIAL INPUT 


INTERLOCKING CIRCUITRY: a ae 

Most conventional FIFO designs provide status signals analogous to IRF and ORE. However, when these devices are operated 
in arrays, variations in unit to unit operating speed require external gating to assure all devices have completed an operation. 
The 9403 incorporates simple but effective ‘’master/slave” interlocking circuitry to eliminate the need for external gating. 


In the 9403 array of Figure 6 devices 1 and 5 are defined as “row masters’’ and the other devices are slaves to the master in 
their row. No slave in a given row will initialize its Input Register until it has received LOW on its IES input from a row 
master or a slave of higher priority. 


In a similar fashion, the ORE outputs of slaves will not go HIGH until their OES input has gone HIGH. This interlocking 
scheme ensures that new input data may be accepted by the array when the IRF output of the final slave in that row goes 
LOW and that output data for the array may be extracted when the ORE of the final slave in the output row goes HIGH. 


The row master is established by connecting its TES input to ground while a slave receives its [ES input from the IRF output 
of the next higher priority device. When an array of 9403 FIFOs is initialized with a LOW on the MR inputs of all devices, the 
IRF outputs of all devices will be HIGH. Thus, only the row master receives a LOW on the IES input during initialization. 
Figure 10 is a conceptual logic diagram of the internal circuitry which determines master/slave operation. Whenever MR and 
IES are LOW, the master latch is set. Whenever TTS goes LOW the request initialization flip-flop will be set. If the master 
latch is HIGH, the input register will be immediately initialized and the request initialization flip-flop reset. If the master 
latch is reset, the input register is not initialized until [ES goes LOW. In array operation, activating the TTS initiates a ripple 
input register initialization from the row master to the last slave. 


A similar operation takes place for the output register. Either a TOS or TOP input initiates a load-from-stack operation and 
sets the ORE request flip-flop. If the master latch is set, the last Output Register flip-flop is set and ORE goes HIGH. If the 
master latch is reset, the ORE output will be LOW until an OES input is received. 


TABLE 1 


OUTPUT CONDITION . INTERNAL STATE 


Master Operation — Slave Operation — 
IES LOW when Initialized 1ES HIGH when Initialized 


input Register Full Input Register Full and [ES LOW 


Output Register not Full Output Register not Full and OES LOW 


Table 1 summarizes master/slave status outputs. 
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FC FLIP-FLOP 
(SEE FIGURE 1) 


a= - 
FO O—+ IRF 


a 


REQUEST 
INITIALIZATION 
FLIP-FLOP 


S 
R 


ORE REQUEST 
FLIP-FLOP 
LOAD OUTPUT REGISTER 
(DELIVERED FROM TOP & TOS) 


= S 
TOP 
Fig. 10 


CONCEPTUAL DIAGRAM, INTERLOCKING CIRCUITRY 


INPUT REG ~~ STACK 
(DERIVED FROM TTS) 


—| 
: 
3 


FX FLIP-FLOP 
(SEE FIGURE 2) 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


LIMITS 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 
VIH Input HIGH Voltage a ae Guaranteed Input HIGH Voltage 
XM 07 
Vie Input LOW Voltage oe ee Guaranteed Input LOW Voltage 
Vep Input Clamp Diode Voltage 0.9 | -1.5| Vv |Vec=MIN, lin =—18 mA 
XM 2.4| 3.4 IOH = —2.0 mA 
RS rere re ee ee ee OH ein 
0.25} 04; Vv iv = MIN, lo = 8.0 mA 
[foas Vec= MIN, Io = 16mA 
V Output LOW Voltage, ORE, OES eee Ee OL Sl eeu 
utpu oltage, r = 
lOZH Output Off Current HIGH, Qg—O3, Og on is Vcc = MAX, Vout = 2.4V, VE=2V- 
loz Output Off Current LOW, Qg—O03, Og asthe Vcc = MAX, Vout = 0.5 V, Ve =2V 
1.0 | 40] HA Voc = MAX, Vin = 27N 
| Input HIGH Current ae 
Input LOW Current, all except OES aa ia —0.36 
10S ‘Output Short Circuit Current, ORE, OES —10| | -42 Voc = MAX, Vout =0V 
los Output Short Circuit Current, QgQ—Q3, Qs —30 | | —100 Voc = MAX, Vout = 9, (Note 3) 
Supply Current | | 1085 | 160 mA Vcc = MAX, Inputs Open 


6-17 


NOTES: 


FAIRCHILD ¢ 9403 | 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. . 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


AC CHARACTERISTICS: Vcc = 5.0 V, Cy = 15 pF, Ta = 25°C 


SYMBOL 


TPHL 


tPLH 
tPLH 
tPHL 
tPLH 
tPHL 
tPHL 
tPLH 
tPHL 
tPLH 


tft 


tPLH 


tPHL 


PARAMETER 


Propagation Delay, Negative-Going CP 

to IRF Output 

Propagation Delay, Negative-Going TTS to IRF 
Propagation Delay, Negative-Going CPSO 


Propagation Delay, Positive-Going TOP 


to Outputs Og — O3 
Propagation Delay, Negative-Going CPSO to ORE 


Propagation Delay, Positive-Going TOS to ORE 


Propagation Delay, Positive-Going TOP to ORE 


Fall Through Time 


Propagation Delay, Negative-Going TOS 
to Positive-Going ORE 


Propagation Delay, Positive-Going PL 
to Negative-Going IRF ; 


ee 

eat 

aes 

meal 

as 

Re 

Ie a 

a 

Propagation Delay, Negative-Going TOP toORE | | 
7 


AC SET-UP REQUIREMENTS: Vcc = 5.0 V, C; = 15 pF, Ta = 25°C 


SYMBOL 


tPWH 
TPWL 
tPWH 
tPWL 
tPWL 
tPWH 
TPWL 
tPWH 
tPWL 


PARAMETER 


CPS! Pulse Width (HIGH) 

CPSI Pulse Width (LOW) 

PL Pulse Width (HIGH) 

TTS Pulse Width (LOW) Serial or Parallel Mode 
MR Pulse Width (LOW) 

TOP Pulse Width (HIGH) . 

TOP Pulse Width (LOW) 

CPSO Pulse Width (HIGH) | 

CPSO Pulse Width (LOW) | 

Set-Up Time Dg to Negative CPS! 

Set-Up Time, TTS to IRF Serial or Parallel Mode 
Set-Up Time Negative-Going ORE to 
Negative-Going TOS 

Recovery Time MR to any Input 


cS 
= 
+ 
Nn 
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COMMENTS 


Stack not full, PL LOW, Figures 11 & 12 


Serial Output OES LOW, TOP HIGH, 
Figures 13 & 14 


EO, CPSO LOW, Figure 15 


Serial Output OES LOW, TOP HIGH, 
Figures 13 & 14 

Parallel Output, EO, CPSO LOW, 
Figure 15 

TTS connected to IRF 

TOS connected to ORE 

1ES, OES, EO, CPSO Low, 

TOP HIGH, Figure 16 


Data in stack, TOP HIGH, Figures 13 & 14 


Stack not full, Figures 17, & 18, 


COMMENTS 


Stack not full, PL LOW, Figures 11 & 12 


Stack not full, Figures 17 & 18 
Stack not full, Figures 11, 12, 17, 18 
Figure 16 

CPSO LOW, Data available in stack, 
Figure 15 


TOP HIGH, Data in stack, Figures 13 & 14 


PL LOW, Figures 11 & 12 
Figures 11, 12, 17, 18 


TOP HIGH, Figures 13 & 14 


Figure 16 
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RRR asc ct RRR RKTT RTT ‘i 
HHH AB CERAM AB LE AANA STABLE 


NV 


TTS a ee 


—————-1.3V 
a tewee 
Fig. 11 


SERIAL INPUT, UNEXPANDED OR MASTER OPERATION 
Conditions: Stack not full, [ES, PL LOW 


OKRA RAAAAAAAAAAAAAAAAY TAY UKARAAAAAAAAARAAARAAAY CATIA AAA UKRKAAAANARAAAY) 
D ARR crac src sR sraecc WAY ee 
S MIRARHRIAXRE ARBITER ERS AERO TAS RAINY = 


tPHL 
iRE TPLH 


Fig. 12 
SERIAL INPUT, EXPANDED SLAVE OPERATION 


Conditions: Stack not full, 1ES HIGH when initialized, PL LOW 


| tPLH 


tPHL 
WAY Wy CT a 

VAL \AARAAAS TUVALA TARPRUUL TT IRS 7, 
AXA Oa CO C(‘“CsSCtCAA 


tPHL 


= ts" 0m ee 
aes ie amon 


Laer | 
Fig. 13 


SERIAL OUTPUT, UNEXPANDED OR MASTER OPERATION 
Conditions: Data in stack, TOP HIGH, TES LOW when initialized, OES LOW 
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OES ; e: . . . th =0 < 
—k- 1S V 1.3V 
Joie | a 
1.3V 
PLH 

TPHL 

+ NKR) WY CARRRARY) CRAAAAAAARARAAAAY 

: i pa = 
ae ia ; (VY 


AKA) 
eal. ee 
ee ‘PLH - 


TOS 
\- fs Vv 


Fig. 14 
SERIAL OUTPUT, SLAVE OPERATION 


Data in stack, TOP HIGH, IES HIGH when initialized 


| 


2) 
D 
m 


Conditions: 


NEW OUTPUT 


Qp - Q3 


Fig. 15 
PARALLEL OUTPUT, 4-BIT WORD OR MASTER IN PARALLEL EXPANSION 


Conditions: ES LOW when initialized, EO, ‘CPSO LOW. Data available in stack 


Fig. 16 
FALL THROUGH TIME 


Conditions: Tis connected to IRF, TOS connected to ORE, IES, OES, EO, CPSO LOW, TOP HIGH 
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-— 1.3V 
(NOTE 3) 


TTS (NOTE 2) 


NOTES: 
1. Initialization requires a master reset to occur after power has been applied. 


2. TTS normally connected to IRF. 
3. If stack is full, IRE will stay LOW. 


Fig. 17 
PARALLEL LOAD MODE, 4-BIT WORD (UNEXPANDED) OR MASTER IN PARALLEL EXPANSION 


Conditions: Stack not full, {ES LOW when initialized 


ty al th — th 


KA KAA KAKAAAAANAAA AAA PPD OSS SS 

ROR Kroon” LEKKI RRR OCHS SIS 

Do —D LE sistetetatatatatetetctstotetatatetctety 1.3V \ seereeretetaretatetetetetetetares 

rar erataretatetetatetetetetetetetetetes.s STABLE 1.3V « Losteereserererecocereteteroterets: 
SKK KK RE KRKKRKINI ED EPID 

Bae. LTRS KROSS R 


te ‘PLH 
7a (NOTE 4) 


Fig. 18 
PARALLEL LOAD, SLAVE MODE 


Conditions: Stack not full, device initialized (Note 1) with 1ES HIGH 
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9404 
DATA PATH SWITCH 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The 9404 Data Path Switch (DPS) is a combinatorial array for closing 
data path loops around arithmetic/logic networks such as the 9405 (Arithmetic Logic © 
Register Stack). A total of 30 instructions (see Table 1) facilitate logic shifting, masking, 
sign extension, introduction of common constants and other operations. 


LOGIC SYMBOL 


The 5-bit Instruction Word Inputs s (Ig- I4) s selects one of the thirty instructions operating 
on two sets of 4-bit Data Inputs (Dg-D3, Ko- K3). Left Input (LI) and Left Output (LO) 
and Right Input (RI) and Right Output (RO) are available for expansion in 4-bit [eri Ogs0s 704 Dp Ke Ks. ky 
increments. An_ active LOW Output Enable Input (EO) provides 3-state control of the 
Data Outputs (Og-O3) for bus oriented applications. ae 


The 9404 is a member of Fairchild's MACROLOGIC TTL family and is fully compatible DATA PATH SWITCH 
with all TTL families. | 


LO O03 O07 0, 


13 14 16 18 


EXPANDABLE IN MULTIPLES OF FOUR BITS 

20 ns DELAY OVER 16-BIT WORD (EXCEPT SIGN EXTEND FUNCTION) 
TWO 4-BIT DATA INPUT BUSSES Voc = Pin 24 
4-BIT DATA OUTPUT BUS WITH 3-STATE OUTPUT BUFFERS GND = Pin 12 
USEFUL FOR BYTE MASKING AND SWAPPING 
PROVIDES ARITHMETIC OR LOGIC SHIFT 
PROVIDES FOR SIGN EXTENSION . 
GENERATES COMMONLY USED CONSTANTS CONNECTION DIAGRAM 
PURELY COMBINATORIAL — NO CLOCKS REQUIRED | DIP (TOP VIEW) 
PACKAGED IN SLIM 24-PIN PACKAGE 


LOADING (Note a) 


PIN NAMES 

Do-D3 D-Bus Inputs (active LOW) 

Ko-K3 K-Bus Inputs (active LOW) 

lo-!4 Instruction Word Input 

Ll Shift Left Input (active LOW) 

LO Shift Left Output (active LOW) (Note b) 

RI Shift Right Input (active LOW) 

RO Shift Right Output (active LOW) (Note b) 

EO : Output Enable Input (active LOW) sone: 

09-03 Data Output (active LOW) (Note b) The Flatpak version has the same 
NOTES: . | pinouts (Connection Diagram) as the 
a) 1 Unit Load (U.L.) = 40 uA HIGH, 1.6 mA LOW Busine ie Package: 


b) Output current measured at Vout = 0.5 V 
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BLOCK DIAGRAM 


rr Gl 
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; Ol Ol 
NW 
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; 


DATA 
ROUTING 


i=) NO 


® @OO@ ©OO©@ 


DI Al zl Zl 
° || 


it 


INSTRUCTION 
DEORE Vcc = Pin 24 
GND = Pin 12 
© = Pin Number 


OO©OSC® 


TABLE 1 
INSTRUCTION SET FOR THE 9404 


INPUTS OUTPUTS INPUTS OUTPUTS 
= FUNCTION 
fia 13 12 4 to | G3 52 01 Go [tata 2 1 to | 


Byte Mask 

Byte Mask 

Minus “2” in 25 Comp(1) 
Minus ‘‘1’’ in 2s Comp(1) 
Byte Mask D-Bus 

Byte Mask D-Bus 

Byte Mask D-Bus 

Byte Mask D-Bus 
Negative Byte Sign Mask 


FUNCTION 


fe) | 
ol 
re) 
Ol 
iet) 

ol 
N 

ro) 
a} 

(o)| 
S 
al 
oO 


2 
ea 
| 


K-Bus Sign Extend 

K-Bus Sign Extend 

D-Bus Sign Extend 

D-Bus Sign Extend 

D-Bus Shift Left 

K-Bus Shift Left 

D-Bus Shift Right 

D-Bus Shift Right Arith(2) 
K-Bus Shift Right 

K-Bus Shift Right Arith!2) 
Byte Mask K-Bus 

Byte Mask K-Bus 


Complement D-Bus 


Al 
[oe] 
Ww 

Al 
Nn) 

Al 


2 


oe ee 


YI 

Sir ae 
WO 
e%) 
NO 


Al oO] ol D 
[o>] 


oO W 
oI Oe} Aol Sl Bl wl wy 
i>) 


W 
N 
ee) 
nN 


Al Al Alo] Ol AL OC] Cl 


1c) 
ie) 
N 


wo 


Al Al ol ol Al o| ol D 
NO 


Positive Byte Sign Mask 
Byte Mask K-Bus 

Byte Mask K-Bus 

Load Byte 

Load Byte 

Plus "1" 


Zero 


ie) 
Ww 


NO 
Al Al Al Ol O] Dl Dl Ol Di Al DI 


AgrgrrAUrGUrroe 

zA vl iw) 

AazerGecGrnurer 
A O 


Al x 
| 


i¢%) 

ie) 
A 

NO 


re Are rp Us 
nS 


[l-MJrocr Gz 
Ol 
Sr 

<- 

= 

x 


ie) 
_= 


Al O] 
Al o 
NO NO 
cA 
Al 
(-) 


‘Complement K-Bus 
Undefined (Reserved) 
Undefined (Reserved) 


ie) 


Lhe Pr roe fle Lee Pe oe 
A O 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L. 
L 
L 
L 
L 
i 
L 


ae ra ae oe or ae oe 
a) ot se UR SS ee Se a 
IrmtrdawTwaaraiaraartardgaaTaagaaTer 
cL Ey Do. ED re ee Poe lr 
ae oS ee I ri Se i eee 
Lr Oe ee ee 
SDS SR SE a i AE as oe 


=r 

ac. ok 
rt 
It 
a a 


IGH Level (1) Comp = Complement 
OW Level (2) Arith = Arithmetic 


FUNCTIONAL DESCRIPTION — The 9404 Data Path Switch combines the functions of a dual 4-input multiplexer, a true/ 
complement one/zero generator, and a shift left/shift right array. 


As shown in Table 1, there are two shift right modes. The arithmetic right shift preserves the sign bit in the most significant 
position while the logic shift moves all positions. Right shift is defined as a 1-bit shift toward the least significant position. 


For half-word arithmetic the 9404 provides instructions which extend the sign bit left through the more significant slices. 
Shift linkages are available as individual inputs and outputs for complete flexibility. 


The 9404 may be used to generate constants +1, 0, —1 and —2 in 2s complement notation. 
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9404 ARRAYS — Arrays of larger than 4-bit word lengths are easily obtained. Figure 1 illustrates a 16-bit array constructed 
using four devices; device 1 is the least significant and device 4 is the most significant slice. Within each slice, inputs and 
outputs with ‘0’ subscript are the least significant bits. | 


The |4 through 14 inputs of all devices are bussed. These four bus lines together with the Ig inputs of the devices form an 8-bit 
instruction bus to control the array. In some applications, it may be possible to connect the Ig inputs of devices 1 & 2 
together and the Ig Inputs of devices 3 & 4 together, so that only six bits are needed to control the arrays. Connecting the LO 
of device 1 to RI of device 2, LO of device 2 to RI of device 3, etc. provides left shift (i.e., shift towards most significant bit) 
and sign extension. From Table 1 it can be seen that ‘‘sign extend” consists of two adjacent instructions differing only in |g; 
one of these instructions connects the most significant bit of the selected input bus (i.e., D3 or K3) to the LO output while 
the other instruction forces the output bus and LO to the RI input. In a similar fashion right shift operation is accomplished 
by connecting the LI input of a device to the RO of the next more significant device. 


D BUS K BUS D BUS K BUS D BUS K BUS D BUS K BUS 
a eat, meme mem omer ec ene mti, 


OO OO g O00 0 O 
LI Dz Dy Dy Dg Kg Kz Ky Kg RI 
} 
) 


a aa 
9404 Nee 
4 (MSS) | a 
kk 
OF EO 
0 
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1 (LSS) 
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(llc Nr iee= aaa 
lb Oi Sl ea (2 ee Be 
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7 2 eee Es ee De ees & Ee eet Cl Fee a eran &  ebceererea! Wr le 
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SIGNIFICANT SIGNIFICANT 
Gir: BIT 


OUTPUT BUS 


Fig. 1 16-BIT 9404 ARRAY 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


SYMBOL PARAMETER MIN 


ViH "Input HIGH Voltage 


TEST CONDITIONS (Note 1) 


N 
oO 
e. 
= 
ar 
n 
<= 
> 
x 
Cc 
< 
5 
” 


Guaranteed Input HIGH Voltage 


VIL Input LOW Voltage Guaranteed Input LOW Voltage 


o 
N 


x| xX 
BE 


Input Clamp Diode Voltage 


TYP 
ee 
fee 
Ieee ae 
| 09 | 
. Output HIGH Voltage 
pik LO, RO_ 
| 31 | 

ae eral 

| 0.3 

| 04 


| 
= 
oi 


Vcc = MIN, lin = —18 MA 


< 
QO 
0 


Vcc = MIN, low = —400 vA 


lOH = —2. 
Sa Natta Vcc = MIN 
IOH = —5.7 MA 


LA Vcc = MIN, Vou = 5.5 V 
Vcc = MIN, lo, = 4.0 mA 
Vcc = MIN, lo, = 8.0 mA 
Vcc = MIN, lo_ = 8.0mA 
Vcc = MIN, lot = 16 mA 
MA Vcc = MAX, Vout = 2.4 V, Ve = 0.8 V 


Output HIGH Voltage Vv 
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IOH Output HIGH Current 
Output LOW Voltage . 
LO, RO 

Output LOW Voltage 


j=) 


Output Off Current HIGH 


2 
bo 


lIOZL Output Off Current LOW —_ LA Vcc = MAX, Vout = 0.5 V, VE =0.8 V 
HH ‘Input HIGH Current a ay = ; cms a ne : 

ie Input LOW Current a ne oe ee ae = MAX, Vin = 0.4 V 

los Output Short Circuit Current | -30 | | -100 | mA | Vcc = MAX, Vout = 0 V (Note 3) 

loc Supply Current a a ee ee Vcc = MAX, Inputs Open 


Oo 

N 

x= 
| 9 
oO 
ox) 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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AC CHARACTERISTICS: Vcc = 5.0 V, Ta = 25°C, C, = 15 pF 


LIMITS 
SYMBOL PARAMETER 


tPLH Propagation Delay, 

tPHL Data Inputs (Dg-D3, Kg-K3) to Output (Og-03) 
tPLH Propagation Delay, 

tPHL Data Inputs (Dg-D3, Kg-K3) to Shift Outputs (LO, R 


tpr- Ree ates 
PLH Propagation Delay, Rl to LO 

TPHL 

tPLH Propagation Delay, 

tPHL Instruction Word (Ig-l5) to Data Outputs (Og-O3) 


tPLH Propagation Delay, 
tPHL instruction Word (Ig-i5) to Shift Outputs (RO, LO) 


ia Enable belay: EO ww Ourouwlog-Oe) 
e t _ 
tz nable ay, o Outputs (Og-O03 
tp eae 
Le Disable Delay, EO to Outputs (Og-O3) 
tPHZ 


UNITS 


TEST CONDITIONS 


EO LOW 


9405 


ARITHMETIC LOGIC REGISTER STACK 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The Arithmetic Logic Register Stack (ALRS) is designed to implement 
general registers in high performance.programmable digital systems. The device contains 
a 4-bit arithmetic logic unit (ALU), an 8-word by 4-bit RAM, and associated control logic. 
The ALU implements eight arithmetic and logic functions where one 4-bit operand is 
supplied from an external source (input data bus) and the second 4-bit operand is supplied 
internally from one of the eight RAM words selected by the Address Inputs (Ag-Az). The 
result of the operation is loaded into the same RAM location and simultaneously, is 
loaded into the output register making it available at the 3-state output data bus. 


The 9405 operates on four bits of data but features are provided for expansion to longer 
word lengths. Carry Propagate and Carry Generate Outputs are provided for an external 
carry lookahead where maximum operating speed is required. In applications where high 


~  gpeed arithmetic is not needed, ripple expansion may also be implemented. The 9405 


- provides three status signals: Zero, Negative and Overflow. These qualify the result of an 
- operation. The 9405 is a member of Fairchild's MACROLOGIC TTL family and is fully 
compatible with all TTL families. 


EIGHT GENERAL REGISTERS/ACCUMULATORS IN A SINGLE PACKAGE 
HIGH SPEED — 10 MHz MICROINSTRUCTION RATE 

EXPANDABLE IN MULTIPLES OF FOUR BITS 

PROVIDES FOR RIPPLE OR LOOKAHEAD CARRY 

IMPLEMENTS 64 MICROINSTRUCTIONS 

PROVIDES STATUS — ZERO, NEGATIVE, AND OVERFLOW 

3-STATE OUTPUTS 

24-PIN PACKAGE 


LOADING (Note a) 


PIN NAMES 
Do-D3 Data Inputs (Active LOW) 0.5 ULL. 
Aog-A2 Address Instruction Inputs 0.5 ULL. 0.23 U.L. 
Ig-lo ALU Instruction Inputs (Note b) 0.5 ULL. 0.23 U.L. 
MSS Most Significant Slice Input (Active HIGH) 0.5 ULL. 0.23 U.L. 
CP Clock Input 0.5 ULL. 0.23 ULL. 
EO Output Enable Input (Active LOW) 0.5 ULL. 0.23 U.L. 
EX Execute Input (Active LOW) 0.5 U.L. 0.23 U.L. 
Q9-03 Data Outputs (Active LOW) 130 ULL. 10 ULL. 
W Ripple Carry Output (Active LOW) (Note c) 10 ULL. 5 ULL. 
X Carry Propagate Output (Note d) 10 ULL. 5 ULL. 
Y Carry Generate Output (Note e) 10 ULL. 10 ULL. 
Z Zero Status Output (Active HIGH, Open 5 ULL. 
Collector) (Note f) 
NOTES: 


a) 1 Unit Load (U.L.) = 40 yA HIGH, 1.6 mA LOW (0.5 V). 

b) lo used also for Carry Input on lesser significant slices. 

c) W Output also carries instruction information. 

d) X Output provides Negative Status (active LOW) on most significant slice. 

e) Y Output provides Overflow Status (active LOW) on most significant slice. 

f) An external pull-up resistor is required to supply HIGH fevel drive capability. 
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21°19 17 15 
to ly lo Do D, Do 03 


9405 
ALRS 


Op 01 07 05 Z 


Vcc = Pin 24 
GND = Pin 12 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


FAIRCHILD * 9405 


BLOCK DIAGRAM 


CONTROL 


INSTRUCTION OUTPUT 
DECODER REGISTER 


WE Do D, D5 D3 
Ao 


o 


@|OC|@|© 


Ay;  8X4RAM 
A2 


NO — 


D 
D. 
D 
‘D: 


Qg Q1 QQ Ag 


Ww 


TABLE 1 
INSTRUCTION FIELD ASSIGNMENT 


1211 lo INTERNAL OPERATION 


Rx plus D-Bus plus 1 > Rx Accumulate 
Rx plus D-Bus > Rx ~ Accumulate 
Rx «+ D-Bus > Rx Logic AND 
D-Bus > Rx Load 
Rx > Output Register Output 
Rx + D-Bus > Logic OR 
Rx ® D-Bus > Rx ; Exclusive OR 
D-Bus > Rx Load Complement 


SL... as i ods eke OE 
eo oer Sere 


NOTES: 
1. Rx is the RAM location addressed by Ag-A2. 
2. The result of any operation is always loaded into the Output Register. 
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FUNCTIONAL DESCRIPTION — As shown in the Block Diagram the 9405 Arithmetic Logic Register Stack (ALRS) consists 
of a 4-bit ALU, an 8-word by 4-bit RAM with output latches, an instruction decode network, control logic and a 4-bit 
Output Register. 


The ALU receives the active LOW input data (Do- D3) as One operand while the RAM provides the second operand through 
latches. The ALU output is stored in both the RAM and output register. The active LOW Output Data Bus (Op-03) is 
obtained from the output register through 3-state buffers. An active LOW Output Enable (EO) input controls these buffers; a 
HIGH level EO disables the buffers (high impedance state). 7 


The instruction bus for the 9405 consists of two fields, A and |; Ag-Az specify the desired location of the RAM and Ig-l5 
specify the desired function to be performed. Table 1 lists Instruction Field Code assignments. Thus, the 9405 provides eight 
registers (Rg-R7) and eight different operations may be performed on any of these registers. The Ig-Ia Inputs are decoded 
by the instruction decode network to generate necessary control signals for the ALU. The ALU also generates and transmits 
to the control logic the following signals: Carry Out, Carry Propagate, Carry Generate, Negative Status and Overflow Status. 
The control logic manipulates the status signals as a function of Ig-lz and a control input MSS. A HIGH on the MSS Input 
declares the most significant slice in a 9405 array (the diode-input on MSS allows it to be tied directly to Vcc). All devices, 
except the most significant 9405 should have a LOW level (ground) on the MSS Input. The control logic generates three device 
outputs, W, X and Y for arrayed operation. An all zero result from the ALU is decoded and presented at the open collector 
Zero Status (Z) Output. 


The Ig input serves a val purpose. For arithmetic instructions, it is used as the carry input and fe non-arithmetic instructions 
it serves as an instruction input. This is possible because only two arithmetic instructions nore carry. The dual purpose use 
of Ig plays an potent role in 9405 expansion schemes. 


OPERATION — The 9405 operates on a single clock. CP and EX are inputs to a 2-input active LOW AND gate. A microcycle 
starts as the clock goes HIGH. For normal operation the Execute (EX) is LOW. Data is read from the RAM through enabled 
latches and applied as one operand to the ALU. Data inputs (Dg- -D3) are applied to the ALU as the other operand and the 
operation as determined by instruction lines Ig-lz is executed. When CP is LOW, the latches are disabled and the result of the 
operation is written back into the RAM provided that EX is LOW. The A lines must obviously be held stable during this time. 
On the LOW-to-HIGH CP transition, the result of the operation is loaded into the output register and a new microcycle can 
start. If EX is held HIGH, the operation selected by the | and A Inputs is performed, but the result is not written back into 
the RAM and is not clocked into the | OUEBUL register. 


9405 ARRAYS — The 9405 is organized to operate on a 4-bit wide data bus but can easily be expanded for longer words. 
Expansion requires that carries from lesser significant slices be propagated towards the most significant slice. The 9405 
- provides full lookahead capability for high speed arithmetic. Appropriate Carry Generate (Y) and Carry Propagate (X) outputs 
are provided so that only one external carry lookahead generator is needed for every four 9405s. When speed is not a prime 
consideration, it is possible to implement ripple carry expansion. 


In arrayed operation, it is common to bus the EX, CP and EO Inputs of all devices. The Z Output is open collector and is 
normally OR-tied with the other devices and to an external load resistor so that a HIGH level indicates a zero result from an 
operation in the array. 


Figure 1 shows a ripple carry 16-bit wide array using four 9405s. The MSS input is tied to Vcc on the most significant slice 
(ALRS 4); the MSS inputs of the other devices are tied to ground. The instruction bus of this array consists of A-Field and 
I-Field. A-Field is obtained by connecting corresponding A inputs of all four devices. The Ig input of device 1 (i.e., least 
significant slice) in conjunction with the bussed 14, lo Inputs forms the I-Field for the array. The lg Inputs of devices 2, 3 and 
4 are connected to the W Outputs of devices 1, 2 and 3 respectively. The ALU network generates the carry propagate output. 
The control logic operates on this signal as a function of I; and 1g to generate the W Output. If both Il, and ly are LOW (i.e., 
an arithmetic instruction), the W Output is the carry output of that slice. In case of non-arithmetic instructions, it assumes 
the state of the Ig input. Thus, in Figure 1, if an arithmetic instruction is specified, carry propagates through the W Output to 
lo Input of the next higher significant slice. On the other hand, non-arithmetic instructions effectively connect all lg Inputs 
together to form the I-Field for the array. The W Output of device 4 is the carry output from the array. The control logic also 
generates X and Y Outputs which participate in expansion when full carry lookahead is required. These outputs are normally 
ignored in ripple expansion except for the most significant slice. |n the most significant slice, X and Y correspond to Negative 
and Overflow status signals. 


Thus, X Output of device 4 is LOW, if the result of an operation has its most significant bit as ‘1’ (i.e., negative result). 

Similarly a LOW level on Y output of device 4 indicates that arithmetic overflow has occured. If the two operands have the 
same sign and the result has opposite sign, then it is assumed that an overflow has occurred. It should be noted that W, X and 
Y are not controlled by EX or CP. Figure 2 shows a 16-bit array with full carry lookahead expansion. Implementation of the 
lookahead scheme requires the use of an external 93842/74S182 in addition to the four 9405s in the array. Since device 1 is 
the least significant and device 4 is the most significant slice, the MSS Inputs of the first three devices are connected to 
ground while device 4 has a HIGH at this input. The A-Field for the array instruction bus is obtained by connecting 
corresponding A Inputs of all four devices. Bussed 14 and I> Inputs together with the Ip Input of device 1 form the I-Field for 
the array. The lg Inputs for devices 2, 3 and 4 are obtained from the 93542/74S182 Carry Outputs (Cnt+x, Cnty, and Cn+z 


6-28 - 


FAIRCHILD ¢ 9405 


respectively}.. Also the P and G Inputs of 93842/74S182 are connected to X and Y Outputs of the 9405s as shown. The 
control logic in the 9405 (see Block Diagram) generates X and Y Outputs as a function of I4, Iz and MSS Inputs as well as the 
Carry Generate and Carry Propagate Outputs of the ALU. If the MSS Input of a slice is LOW and an arithmetic instruction is 
specified, its X Output reflects Carry Propagate and Y reflects Carry Generate Outputs from that slice. For an arithmetic 
instruction the lg Input is treated as carry-in into a slice irrespective of MSS. Thus, whenever |; and I> are LOW, the array 
behaves as an adder with full carry lookahead. The W Outputs still reflect carry output, which is ignored for devices 1, 2 and 
3. The W Output of device 4 is the carry output from the array. Also, note that the lg Input of device 1 is not eAly an 
instruction input but also provides the carry input to the array so the lo Input of device 1 must be connected to the 
appropriate 93S42/74S182 input as shown. 


When a non-arithmetic instruction is specified to the array, the control logic of the 9405 forces a LOW on X and a HIGH on 
Y Outputs on all except the most significant slice. An examination of the 93S42/74S182 logic reveals that whenever P is 
LOW and G is HIGH the associated carry output is the same as the carry input. Thus, in Figure 2 devices 2, 3, and 4 will 
assume the logic level as that presented to the Ig Input of device 1 during non-arithmetic instructions effectively bussing Ig 
through all four devices. As in the case of ripple expansion X and Y Outputs of device 4 represent Negative and Overflow 
from the array. 
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- Dy 1029 Dy Dg’ Dg 7Di9,'' Dy2 3014, '° 
EX 
Zz | ite 0 at Seaview ee 5 a eevee ee i 
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Fig2. CARRY LOOKAHEAD EXPANSION 
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


LIMITS 
TYP 


SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


MIN | MAX 


< 


Guaranteed Input HIGH Voltage 


VIH Inout HIGH Voltage 


~ 


Input LOW Voltage Guaranteed Input LOW Voltage 


Xx 
Input Clamp Diode Voltage 
Output HIGH Voltage 


XC . 


<| < 
Sie 
on E-< 
NO 
NO 
el | LASE 


APD 


ee 
or} 00 | Ni 


Vcc = MIN, ljy = —18 MA 


Voc = MIN, lop = —400 uA 


< 
©) 
= 


2.4 


Vv Output HIGH Voltage 7 lOH = —2.0 mA | rere 
Ok Op, 01, 09. 03 lon=—5.7mA | © 
Output HIGH Current = - 
1OH 100 | yA Voc = MIN, Vou = 5.5 V 


Z Output 
Output LOW Voltage 
W,X,Z 

Output LOW Voltage 
9, 01, 09, 03, ¥ 


fo) 
ies) 
o 
Ss 
< 


Vec = MIN, lot = 4.0 mA 
Vec = MIN, lo, = 8.0 mA 
Voc = MIN, lop = 8.0 mA 
V Vec = MIN, lot = 16 mA 


slele 


jen) 


0.5 
0.4 
04; O05 


0.3 


< 
O 
e 


N N 
B 


3 


A Vec = MAX, Inputs Open 


7 es ae a: Vcc = MAX, Vin = 5.5 V 
los | Output Short Circuit Current | = | -100 | mA | Voc = MAX, Vout = 0 V (Note 3) 
Ro Oe ne 


| 
wW 
| iz 
—_ 
° 
Oo 


Icc Supply Current 


NOTES: 

1. For conditions. shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 


AC SET-UP REQUIREMENTS: Vcc = 5.0 V, Ta = 25°C, Cy = 15 pF, See Fig. 3 


LIMITS 
SYMBOL PARAMETER | LIMITS UNITS TEST CONDITIONS 


tcw _ Clock Period 


tPWH Clock Pulse Width (HIGH) | dT 30| 
oe 
ss 


tPWL Clock Pulse Width (LOW) 
tsEX Set-Up Time, EX to CP 
thEX Hold Time, EX to CP 


Set-Up Time, Ag, Ay, Aa to Negative 
tsA1 . pe eae : 25 
Going CP (Note 1) 
tsA2 Seep Time, Ag, Aj, A2 to 70 
Positive Going CP (Note 1) . 
‘ok Hold Time, Ag, Aj, Ag to Positive 
in Going CP 
= Set-Up Time, Dg, D1, D9, D2 to Positive 
tb | 0, D1, D2, D3 a6 
Going CP 
a Hold Time, Dg, D1, Da, D2 to Positive 
thD et eee oe ~20 
Going Clock 


” 


ns 


n 


(77) 


EX LOW 


n 


n 


tgl Set-Up Time, Ig, 14, 1g to Positive Going Clock aS ae 
th! Hol dTime, Ig, 14, 19 to Positive Going Clock a ae ns 
NOTE: 


1. Both set-up times must be met simultaneously. 
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AC CHARACTERISTICS: Vcc = 5.0 V, Ta = 25°C, Cy = 15 pF, See Fig. 3 


LIMITS 
SYMBOL PARAMETER _uiMiTs ees | test conprtions 
t sae f OS. poate ca a ape) 
"LH | propagation Delay, Positive Going CP to Og, 51, 02, 03 pf we ff om £6, EX Low 
PHL 
t pe 
PLH Propagation Delay, Ig to W ns 1, or lg HIGH 
tPHL 
t eee es 
Ha Propagation Delay, Data (Dp, D7, Dz, D3) to W Pf me ffm 14, |g LOW 
PHL 
t eee ae i sigs 50 | ons | MSS HIGH| 1q, | 
PLH Propagation Delay, Data (Dg, D7, Dz, D3) to X, Y ea (ean 112 
toHL 75s | ow | Low 
t ae 
PHL 
t ee ee 1 kQ External Load 
PLH Propagation Delay, Data (Dg, Dy, D2, D3) to Z 55 ; 
tPHL Resistor to Vcc 
t = 
PHL 
t ae 15 
i peer en ee ho eee aeow 
PHL ae ae ee 
tPLH Sema oo hes 14, lo HIGH 
PHL 
t pane l4, 19 LOW 
PHL 
t ee I4, lo LOW 
PLH Propagation Delay, Address (Ag, Ay, Az) to X, Y 70 a 2 
tPHL MSS HIGH 
t as 14, lo HIGH 
PLH Propagation Delay, Address (Ag, Ay, Az) to X 70 ns ee 
tPHL MSS HIGH 
t = 
sos Propagation Delay, Address (Ag, Ay, Ag) to W pfs ff me 14, lo LOW 
PHL 
t 
a Propagation Delay, Address (Ag, Ay, Ag) to Z pf wm {| ow 14, |g LOW 
PHL 
a | ae ee 
Propagation Delay, |7, 12 to X, Y 
t eo ed 14, !o LOW 
EY Propagation Delay, Ig to X, Y 50 ee 
tPHL MSS HIGH 
t 
PLM Propagation Delay, 1), ly to Z 42 14, lp LOW 
TPHL 
t 
PLA Propagation Delay, Ig to Z 25 14, lg LOW 
tPHL 
t a ete ie ees | 
PZH Enable Delay, EO to Outputs Og, 04, O72, O2 12 
tP2L 
t Bs WY pea haa Nise « ee 
nce Disable Delay, EO to Og, 03, 09, 03 
tPHZ 


6- 


Ww 
_ 


Iq, by. Ig 


Oo, 94, 09, 03 


=| 


x! 
<I 


NOTES: 
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YAY STABLE 


AVY ‘ 


LT ay rv WYy YYW RAR AAA RRAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATAAAAAARAAAAAAL 

DERI DNNN i OO AL EALALALAL ERLE ER EKRERK AK EKER RRLRK ERK 

OXYXYYXYXYKLYEXXKEXAXXXLRRLKEKAKERKKEXKK KR 3 Vo0~=OCOSTABLE 1.3 V Zayy\y\iyyy\ yyy yi \y\ yin y\ N\A YYYYYYYYYEYXYRAKEXK] 
‘ YY.) v 

FA AA UNUM UMMAH AHH iN OOOO KKK KKK) 


PY) 


th I 
NUTLEY YYAYRYYKLYRYRKKYYY 
WHA YYYYYYKYYYYYYYYYYNYYYYYYYKYKYEK YY 
CAYYXXYXYXYXAYKYXYXIXKEXHXAXKEKIRIYKAY 
ANY YIH 
AVR AOAR A) 


Pa ya tpH_9 
ait 7 } 


eg tp}, W/tp,_ yW (Note a) 
tpy W/tpy HW (Note b) 


tpy_» tpi FROM ADDRESS INPUTS 


4 44, 
YYYINYAE THY NTRYI TITY HHH 
AWAY TTT YYIYICT I 
AYIA TYE TXYREI HXTT TY 
MAA AA i} yi aN ) . 


STABLE 1.3 V 


tPHL 
tPLH tepHL 
'PLH 
pf 
tpyi- tpLH DELAY FROM DATA 
tpHL- tpLH— DELAY FROM I INPUTS 
tout tpLy DELAY FROM A INPUTS 
1.3V 


a) Delay for logical operation (14 or lg HIGH) 


b) Delay for arithmetic operation (14 = lg = LOW) 


Fig. 3 ALRS TIMING DIAGRAM 
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9406 
PROGRAM STACK 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The 9406 is a 16-word by 4-bit ‘“‘Push-Down Pop-Up” Program Stack. 
It is designed to implement Program Counter (PC) and return address storage for nested 
subroutines in programmable digital systems. The 9406 executes 4 instructions: Return, 
Branch, Call and Fetch as specified by a 2-bit instruction. When the device is initialized, 
the Program Counter (PC) is in the top location of the Stack. As a new PC value is 
“‘oushed”’ into the Stack (Call Operation), all previous PC values effectively move down 
one level. The top location of the Stack is the current PC. Up to 16 PC values can be 
stored, which.gives the 9406 a 15 level nesting capability. ‘Popping’ the Stack (Return 
Operation) brings the most recent PC to the top of the Stack. The remaining two 
instructions affect only the top location of the Stack. In the Branch operation a new PC 
value is loaded into the top location of the Stack from the Dg — D3 Inputs. In the Fetch 
operation, the contents of the top Stack location (current PC value) are put on the 
Xo — X3 bus and the current PC value is incremented. 


The 9406 may be expanded to any word length without additional logic. 3-State output 
drivers are provided on the 4-bit Address Outputs (Xg — X3) and Data Outputs, 
(Og — 03); the X-Bus Outputs are enabled internally during the Fetch instruction while 
the O-bus Outputs are controlled by an Output Enable (EQo). Two status outputs, Stack 
Full (SF) and Stack Empty (SE) are provided. The 9406 is a member of Fairchild’s 9400 
MACROLOGIC TTL family, and is fully compatible with all TTL families. 


16-WORD BY 4-BIT LIFO 

15-LEVEL NESTING CAPABILITY 

10 MHz MICROINSTRUCTION RATE 

PROGRAM COUNTER LOADS FROM DATA BUS 

OPTIONAL AUTOMATIC INCREMENT OF PROGRAM COUNTER 
STACK LIMIT STATUS INDICATORS 

24-PIN PACKAGE 

3-STATE OUTPUTS 


PIN NAMES LOADING (Note a) 

Do — D3 Data Inputs (Active LOW) 

lo. 14 Instruction Inputs 

EX Execute Input (Active LOW) 

CP Clock Input 

MR Master Reset Input (Active LOW) 

Cl Carry Input (Active LOW) 

EOo Output Enable Input (Active LOW) 

Og _ 03 Output Data Outputs (Active LOW) 
(Note b) 

Xg — X3 Address Outputs (Note b) 

co | Carry Output (Active LOW) (Note b) 

SF Stack Full Output (Active LOW) 
(Note b) 

SE Stack Empty Output (Active LOW) 
(Note b) 

NOTES: 


a. 1 unit load (U.L.) = 40 wA HIGH, 1.6 mA LOW. 
b. Output fan-out with Vo_ < 0.5 V. 
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LOGIC SYMBOL 


21 19 17 16 


20 18 16 14 8 9 10 11 


Vpp = Pin 24 
Vsg = Pin 12 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


FAIRCHILD ¢ 9406 


FUNCTIONAL DESCRIPTION — As shown in the Block Diagram, the 9406 consists of an input multiplexer, a 16 X 4 RAM 
with output latches addressed by the Stack Pointer (SP), an incrementor, control logic, and output buffers. The 9406 is 
organized around three 4-bit busses; the Input Data Bus (Dg — D3), Output Data Bus (Og — O3) and the Address Bus 
(Xo — X3). The 9406 implements four instructions as ‘determined by Inputs Ip and 17. (See Table 4), The O-Bus is derived 
from the RAM output latches and enabled by the active LOW Output Enable (EQo) Input. The X-Bus is also derived from the 
output latches; it is enabled internally during the Fetch instruction. Execution of instructions is controlled by the Execute 
(EX) and Clock (CP) Inputs. 


FETCH OPERATION — The Fetch Operation places the content of the current Program Counter (PC) on the X-Bus. If the 
Carry In (Cl) is LOW, the current PC is incremented in preparation for the next Fetch. If Cl is HIGH, the value of the current 
program is unchanged, (Iterative Fetch). 


The instruction code is set up on the | lines when CP is HIGH. The active level LOW Execute (EX) is normally set up at this 
time as well. The control logic interprets Iq and I, and selects the incrementor output as the data source to the RAM via the 
input multiplexer. The current PC value is loaded into the latches and is available on the O-Bus if EQg i is LOW. When CP is 
LOW the output latches are disabled from following the RAM output, when both CP and EX are LOW, buffers are enabled, 
applying the current PC to the X-Bus. The output of the incrementor is written into the RAM during the period when CP and 
EX are LOW. If Cl is LOW, the value stored in the current PC, plus one, is written into the RAM. If Cl is HIGH, the current 
PC is not incremented. Carry Out (CO) is LOW when the contents of the current PC is at its maximum, e.e., all ones and the 


Carry In (Cl) is LOW. When CP or EX goes HIGH, writing into the RAM is inhibited and the Address Buffers (XQ — X3) are 
disabled. 


BRANCH OPERATION — During a Branch Operation, the Data Inputs (Do — D3) are loaded into the current program 
counter. 


The instruction code and the EX Input are set up when CP is HIGH. The Stack Pointer remains unchanged. When CP goes 
LOW (assuming EX is LOW) the D-Bus Inputs are written into the current. PC. The X-Bus drivers are not enabled during a 
Branch Operation. 


CALL OPERATION — During a Call Operation the content of the Data Bus is loaded into the top location of the stack and 
all previous PC values are effectively moved down one level. 


The Instruction code and the EX Input are set up when CP is HIGH. When EX is LOW, a “one” is added to the Stack Pointer 
value thus incrementing the RAM address. Since the output latches go to the nontransparent or store mode when CP is LOW, 
the O-Bus outputs will reflect the RAM output at the CP negative-going transition. If EX goes LOW considerably before CP 
goes LOW, the O-Bus will correspond to the previous contents of the incremented RAM address after CP goes LOW. If CP 
goes LOW a very short time after EX, the O-Bus will remain unchanged until the LOW to HIGH transition of CP. 


When CP is LOW (assuming EX is LOW) the D-Bus Inputs are written into this new RAM location. On the LOW-to-HIGH CP 
transition, the incremented Stack Pointer value is loaded into the Stack Pointer Register and the O-Bus Outputs reflect the 
newly entered data. When the RAM address is ‘’1111’’ the Stack Full Output (SF) is LOW, indicating that no further Call 
operations should be initiated. If an additional Call Operation is performed SP is incremented to (0000), the contents of that 
location will be written over, SF will go HIGH and the Stack Empty (SE) will go LOW. 


The X-Bus drivers are not enabled during a Call operation. 


RETURN OPERATION — During the Return operation the previous PC is ‘‘popped’”’ to become the current PC. 


The instruction is set up when CP is HIGH. When EX is LOW, a “one” is subtracted from the Stack Pointer value, thus 
decrementing the RAM address. If EX goes LOW considerably before CP goes LOW, the O-Bus will correspond to the new 
value after EX goes LOW. If CP goes LOW a short time after EX, the O-Bus will remain unchanged until the LOW to HIGH 
transition of CP. 


On the LOW-to-HIGH CP transition the decremented Stack Pointer value is loaded into the Stack Pointer Register and the 
O-Bus Outputs correspond to the new “‘popped”’ value. 


The X-Bus drivers are not enabled during a return operation. When the RAM address is ‘‘O000", the Stack Empty Output 
(SE) is LOW, indicating that no further return operations should be initiated. If an additional Return operation is performed, 
SP is decremented to “1111”, the SE will go HIGH and the Stack Full Output (SF) will go LOW. Operation of the active 
LOW Master Reset (MR) causes the SP to be reset and the contents of that RAM location (0000) to be cleared. The Stack 
Empty (SE) output goes LOW. This operation overrides all other inputs. 


MULTIPLE 9406 OPERATION — The 9406 may be expanded to any word length in multiples of four without external logic. 
The connection for expanded operation is shown in Figure 1. Carry In (Cl) and Carry Out (CO) are connected to provide 
automatic increment of the current program counter during Fetch. The Cl Input of the least significant 9406 is tied LOW 
to ground. 


if automatic increment oe Fetch is not desired, the Cl Input of the least significant 9406 is held HIGH. 
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BLOCK DIAGRAM 


I@ 
w'@ 
1) 
BSL) 


Ig Ig 14 Mg 
INCREMENTER 


1-OF—4 
DECODER 
RETURN (POP) 


Ac 


|| | FETCH (INCREMENT PC) FETCH J. No ic Bia 


QUAD 2-INPUT MUX 


X3 Xp X1 Xo 


Og 


Ze Zp Zp 


| 
Fd 
=| 


Dz Dz Dy 0g 


CP 4-BIT REGISTER 


cE EA Re (Fe 
BRANCH 
EX 
e 
| 
i 


16 X 4 RAM 


RETURN 


Qi 
Qa 
Vcc = Pin 24° S S : 
GND = Pin 12 
© = Pin Numbers SE SF co 03 Oo oF Oo X3 Xo Xy Xo 


DATA !NPUT 


Se ds ce MSB 
Dg D1 D2 D3 D4 Ds De D7 Og Dg Di0D41 


fo 14 Do Dy D2 D3 
CO IO—= CARRY QUT 


9406 > 9406 SF fO—= STACK FULL 
SE JO—=STACK EMPTY 


0 O}EOS 
MR__Og 01 02 03 Xq _X1 X2 X3 MR 09 01 02 03 Xo X;_X2 X3 09 01 02 03 Xo X1_ X2_X3 
O ©) O © O 


1+} aa e ERE 
ea a 6 ee 


LSB 
Og 0; 02 03 Xq Xi Xz X3 04 O5 Gg 07 Xq Xs XG X7 Og 99019011 Xg XQ X10 X14 


MSB 


DATA BUS ADDRESS BUS 


*Tie to Vcc to disable automatic increment. 
Fig. 1 
9406 EXPANSION A 16 BY 12 PROGRAM STACK 
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TABLE 1 
INSTRUCTION SET FOR THE 9406 


1 !9 | INSTRUCTION INTERNAL OPERATION X-BUS O-BUS (WITH EOg LOW) 


Depending on the relative timing of EX and 
CP, the outputs will reflect the current pro- 
Disabled gram counter or the new value while CP is 


L L]| Return (Pop) Decrement Stack Pointer 


LOW. When CP goes HIGH again, the 
output will reflect the new value. 


Current Program Counter until CP goes 
Disabled HIGH again, then updated with newly 
entered PC value. 


Depending on the relative timing of EX and 

CP, the outputs will reflect the current pro- 

gram counter or the previous contents of 
Disabled the incremented SP location. When CP goes 

HIGH again, the outputs will reflect the 

newly entered PC vatue. 

See Figure 9 for details. 


Current Program Counter Current Program Counter until CP goes 


Load D-Bus into Current 


| P 
Branch (Load PC) Program Counter Location 


increment Stack Pointer and 
Load D-Bus into New Program 
Counter Location 


Call (Push) ~ 


P 
H font ta Peale ep pea eal while both CP and EX are LOW, | HIGH again, then updated with 
| HereMmen SMe Nee te disabled while CP or EX is HIGH | incremented PC value. 
H = HIGH Level 
L = LOW Level 


DC CHARACTERISTICS OVER OPERATION TEMPERATURE RANGE (unless otherwise noted) 


LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


VIH Input HIGH Voltage ae 


VIL Input LOW Voltage 


Guaranteed Input HIGH Voltage 


Guaranteed Input LOW Voltage 


x) X< 
Be 


eee 

eee 

eee) 

Veep Input Clamp Diode Voltage Ly} ag pe 
: 

ey 

oe 

cet atl 


Voc = MIN, ly = -18 MA 
Output HIGH Voltage 
VOH Bees aS 
CO, SE, SF ; ; 
Vy Output HIGH Voltage XM 
OH | xo~%3,50-53 xe 


Vcc = MIN, lon = —400 uA 


| =—2.0mA 
Vearenin 
loH = —5.7 mA 


Vcc = MIN, lot = 4.0 mA 
Vcc = MIN, lot = 8.0 mA 
Vcc = MIN, lo, = 8.0 mA 
Vcc = MIN, lo, = 16 mA 
A Veco = MAX, Vout =2.4V,VE=2Vv 


Ors 
NN 
cS 
w| oo 
i 


Output LOW Voltage 
VOL Ro Ae ee 
CO, SE, SF - 


| be 
dee Output LOW Voltage Se 

X07 XG: Oo Os 
lOZH Output Off Current HIGH a eae 


ICCH Supply Current 100 


2 


A Voc = MAX 


OZ Output Off Current LOW nA Vcc = MAX, Vout =0.5V, VE=2V _ 
40 A Veco = MAX, Vin = 2.7 V 
iH Input HIGH Current é ee . 
mA Vcc = MAX, Vijy = 5.5 V 
lie Input LOW Current _ FT —0.36 mA Vcc = MAX, Vin = 0.4 V 
los Output Short Circuit Current | -30 | | A Voc = MAX, Vout = 0 V (Note 3) 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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AC SET-UP REQUIREMENTS — ALL MODES OF OPERATION: Vcc = 5.0 V, Ta = 25°C, C, = 15 pF 


LIMITS 
SYMBOL PARAMETERS TYP COMMENTS 


A 


tcw Clock Period 

tPWH Clock Pulse Width (HIGH) 
tPWL Clock Pulse Width (LOW) 
tsEX Set-Up Time, EX to CP 
thEX Hold Time, EX to CP 


Ww 
oO 


Set-Up Time, Io, |4 to Negative-Going Ciock Figure 2 


t+ |i 
=> |? 


Hold Time, Ig, 14 to Positive-Going Clock 
tsCl Set-Up Time, Cl to Negative-Going Clock 
thCl Hoid Time, CI to Positive-Going Clock 

t,D Set-Up Time, Dg—D3 to Positive-Going Clock 


t,D Hold Time, Dg — D3 to Positive-Going Clock 
tpwLMR | MR Pulse Width (LOW) 


= Figure 3 
trec MR to Negative-Going Clock 


= 
x< 


wi} 
sie 


REFER TO INDIVIDUAL TIMING DIAGRAMS FOR EACH OPERATION TO DETERMINE OUTPUT RESPONSE 


¢ $050.00. 
f o9e%9 

BRS RRR Y 
res 


<—_————— tpw | 


1.3 V 1.3 V 


5052 
SOS OS e520 
ee saSecetecerecens 


<t—— trec md 


1.3V 


Fig. 3 
RESET OPERATION 


oS 
3995050508 $0 OY arereretetens 


oe ERK KR KR ONS 


Y Y 
KKK 


'PWH -——3> |< tpw_ —— > 


Fig. 2 Fig. 4 
WAVEFORMS FOR ALL OPERATIONS CARRY-IN TO CARRY-OUT 


6-37 , 


FAIRCHILD e. 9406 


AC CHARACTERISTICS — ALL MODES OF OPERATION: Vcc = 5.0 V, Ta = 25°C, Cy = 15 pF | 
SYMBOL | PARAMETERS UNITS ~ COMMENTS 


tPLH Propagation Delay, Carry In (Cl) to : 
ome Figure 4. 
tPHL Carry Out (CO) 
tPLH Propagation Delay, Positive-Going CP 
CEE Figure 5 
tPHL to Carry Out (CO) . 
t 
PLH Figure 6 
TPHL 
CP # 1.3V EX 1.3V 
tpl *PLH 
‘PHL PHL 
CO 1.3V co Kis Vv 
Fig. 5 Fig. 6 
CLOCK TO CARRY-OUT EXECUTE TO CARRY-OUT 


AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE BRANCH (LOAD PC) OPERATION: 
Vec = 5.0 V, Ta = 25°C, Cy = 15 pF | 


LIMITS 
SYMBOL PARAMETERS UNITS COMMENTS 


tPLH Propagation Delay, Positive-Going CP EOo LOW 


® N 
ee 


tPHL to Outputs (Og — 03) pw Figures 7 and 8. 

ts___| Set-Up Time, lo, 11 to Negative-Going EX Ff 20 | Tots = 

th Hold Time Io, 14 to Positive-Going EX PO ae ok ee EX goes HIGH before CP, Figure 8 
th Hold Time, Ig, 14 to Positive-Going CP ff co fos CP goes HIGH before EX, Figure 7 
ts Set-Up Time, Dg — D3 to Positive-Going CP | 16 | | ons | 


-_ = Figures 7 and 8 
Hold Time, Dg — Dg to Positive-Going CP 


tPWL EX Pulse Width 


EX Goes HIGH Before CP, Figure 8 


W 
ale 
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CONDITIONS: EOg LOW 


ASS 


14 1.3V 


KK OSA RA KAAS OSS 

SCSI [RRKKK RKO 

acesecanarecereecens: BSR 

asecenasecetaveretete, KSPR 

ay 5. eo ceaec tanec tatatshes sabedetetstatetseaten 
By - D3 m- 1.3V ESA RRR 


BO 5.25250 
OOK 552 
85 7SCRK ND 


cP 1.3V 


Op - 03 CURRENT VALUE NEW VALUE 


Fig. 7 
BRANCH OPERATION, CP GOES HIGH BEFORE EX 


CONDITIONS: EOg LOW 


SOOO IN 
52522 


cP 


09-93 


Fig. 8 
BRANCH OPERATION, EX GOES HIGH BEFORE CP 


AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE CALL (PUSH) OPERATION: 


Vcc = 5.0 V, Ty = 25°C, Cy = 15 pF (Figure 9) 


SYMBOL PARAMETERS COMMENTS 
tPLH Propagation Delay, Positive-Going CP to z= 35 Fo a 
tPHL New Value of Og — 03 55 
tPLH Propagation Delay, Negative-Going EX 30 EOo LOW, Set-Up Requirements ts EX 
tPHL to Intermediate Value of Og — 03 s 45 pf om | must be met 
tPLH Propagation Delay, Negative-Going Ex 20 
mses pte] fe 
ts Set-Up Time, Negative-Going EX to lo, 14 Leek ale tee 
th Hold Time, Positive-Going CP to 1g, 14. a = ae 
Set-Up Time, EX to Negative-Going CP which 
ts EX Guarantees Intermediate Data on Og — 03 while 
CP is LOW 
Set-Up Time, EX to Negative-Going CP which 
tsQEX Guarantees no Change in Og — 03 While CP 
is LOW 
moe Hold Time, Positive-Going CP to 
tae’ Positive-Going EX 5 ° po] oe 
ts Set-Up Time, Do — D3 to Positive-Going CP Peal 20 Fons | 
th Hold Time, Positive-Going CP to Dg — D3 2} 
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CONDITIONS EG, LOW 


ag 1, <— t, —_ 


| 

1 
t 

aaa ee (SEE NOTES 1 & 2) | 


WYN 


cp 
teLy tPLH | 


oS PREVIOUS CONTENTS OF 

09-93 CURRENT VALUE 1.3V INCREMENTED SP LOCATION 1.3V NEW VALUE 
(NOTE 1) | 

Oo-03 CURRENT VALUE 1.3V JE NEW VALUE 
(NOTE 2) 


rl 
n 
<< 
wo 
< 


Fig. 9 
CALL (PUSH) OPERATION 


NOTES: 


1. Condition which occurs when EX goes LOW considerably before CP goes LOW (t,4EX is met). 
2. Condition which occurs when EX goes LOW slightly before CP goes LOW (ts9EX is met). 


AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE RETURN (POP) OPERATION: 
Vcc = 5.0 V, Ty = 25°C, Cy = 15 pF (Figure 10) 


SYMBOL 


tPLH 

tPHL 

tPLH 

tPHL 

tPLH | 
tPHL 

ts 


th 


PARAMETERS 


Propagation Delay, Positive-Going CP to 


New Value of Og — 03 


Propagation Delay, Negative-Going EX 
to New Value of Og — 03 


Propagation Delay, Negative-Going EX 


to SE, SF 
Set-Up Time, Negative-Going EX to lo, '4 


NO 
E 


Hold Time, Positive-Going CP to Ig, 14 
Set-Up Time, EX to Negative-Going CP which 


Guarantees the New Value on Og — 03 
While CP is LOW 
Set-Up Time, EX to Negative-Going CP. 


& N 
Oo Oo 


Either ts2EX or ts3EX must be met for 


Proper Operation 


Set-Up Time, EX to Positive-Going CP. 
Either t.3EX or ts9EX (Above) must be met 


for Proper Operation. 


COMMENTS 


EO9 LOW 


EOo LOW, Set-Up Requirements t,4EX 


must be met 
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CONDITIONS: EOg LOW 


<—-—— t; ——> <— t, —> 


<_—__—_—_ | 33 —__-_--———-_ > 


(NOTES 1 & 2) 
<—t.y— <— t, > 
YY J 
EX 1.3 V 13v4 Yyy 
yy 
cP 1.3V 
t 
; PL : 
PHL 
O9- 03 
CURRENT VALUE 1.3.V NEW VALUE 
NOTE 1 
esse) SRE § Logg 
tPHEL 
CURRENT VALUE 1.3V NEW VALUE 
NOTE 2 
t 
PLH | 
PHL 
SE, SF 1.3V 
Fig. 10 
RETURN (POP) OPERATION 
NOTES: 


1. Condition which occurs when EX goes LOW considerably before CP goes LOW (t_, EX is met). 


2. Condition which occurs when EX goes LOW slightly before or after CP goes LOW leither tsQEX or ts3EX are met). 


AC CHARACTERISTICS AND SET-UP REQUIREMENTS FOR THE FETCH OPERATION: 
Vcc = 5.0 V, Ta = 25°C, Cy = 15 pF 


SYMBOL PARAMETERS UNITS COMMENTS 


Ss 

tPLH Propagation Delay Positive-Going CP 29 FON Glew cauenteenais 
tPHL to Incremented Value of Og — 03 38 “ 

tPZL Turn-On Delay, from CP or EX 15 es, 

EOx LOW, Figures 11, 12, 13 and 14 

tpZ7H Whichever goes LOW last to Xg — X3 12 — 

ts Set-Up Time, Io, 14 to Negative-Going EX ee Tae ee 
‘ Hold Time , Ig, 17 to CP or EX whichever 

i goes HIGH first Figures 11, 12, 13 and 14 

Set-Up Time, Negative Going EX 36 

t 

: to Positive-Going CP 
ts Negative-Going Cl to Positive-Going CP ae ee Se Fetch with Increment, Figures 13 and 14 
th Positive-Going Cl to Negative-Going EX i a Oke ih —— 1 Iterative Fetch, Figures 11 and 12 
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CONDITIONS EOg LOW, CP goes HIGH before EX 


~<t—t, 
ah . 
Cl 1.3V 1.3 WY 
| ts 
cP 1.3V 
Og - 03 CURRENT VALUE (NO CHANGE) 


NOTE 2. 
<|_—— | 
tpHz 


X9 -— X3 HIGH IMPEDANCE CURRENT VALUE HIGH IMPEDANCE 


Fig. 11 
ITERATIVE FETCH 


CONDITIONS EQ LOW, EX goes HIGH before CP 


lo— 4 


cP 


09 - 93 


Xg — X3 


Fig. 12 
ITERATIVE FETCH 


NOTES: 
1. Xg — X3 Turn-On Delay measured from the time both EX X and CP go LOW. 
2. Xo — X3 Turn-Off Delay measured from the time either EX or CP goes HIGH. 
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CONDITIONS EOg LOW, CP goes HIGH before EX |~q_——t, Se mere 
1.3V 


| 


lg. by 1.3V 


cP 1.3V 1.3V 
'PLH 
‘PHL 
Oy= 05 CURRENT VALUE ues Saath 
'PLZ 
- tpHz ——NOTE 2 
Xg — X3 HIGH IMPEDANCE 1.3. V CURRENT VALUE 1.3 V3X- HIGH IMPEDANCE 


Fig. 13 
FETCH WITH INCREMENT PC 


—— _— t 
CONDITIONS EO, LOW, EX goes HIGH before CP i : 


th 
EX 1.3V 
ts 
Pe 
Gi 1.3V 
PLH 
PHL 
Gp 0s CURRENT VALUE 1.3 VE NENT 
t t 
NOTE 1 o 2h el NoTE 1 hes NOTE 2 
PZH PHZ 


Xg- X HIGH IMPEDANCE 1.3V CURRENT VALUE Yi.3v HIGH IMPEDANCE 
3 


‘Fig. 14 
FETCH OPERATION WITH INCREMENT PC 


NOTES: 
1. Xq — X3 Turn-On Delay measured from the time both EX and CP go LOW. 
2. Xo — X3 Turn-Off Delay measured from the time either EX or CP goes HIGH. 
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9407 
DATA ACCESS REGISTER 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The 9407 Data Access Register (DAR) performs memory address 
arithmetic for RAM resident stack applications. It contains three 4-bit registers intended 
for Program Counter (Rg), Stack Pointer (R71), and Operand Address (Ro). The 9407 
implements 16 instructions (see Table 1) which allow either pre or post 
decrement/increment and register-to-register transfer in a single clock cycle. It is 
expandable in 4-bit increments and can operate at a 10 MHz microinstruction rate on a 
16-bit word. The 3-state outputs are provided for bus oriented applications. The 9407 is a 
member of Fairchild's MACROLOGIC TTL family and is fully compatible with all TTL 
families. . . 


HIGH SPEED — 10 MHz MICROINSTRUCTION RATE | 
THREE 4-BIT REGISTERS 

16 INSTRUCTIONS FOR REGISTER MANIPULATION 
TWO SEPARATE OUTPUT PORTS, ONE TRANSPARENT 
RELATIVE ADDRESSING CAPABILITY 

3-STATE OUTPUTS 

OPTIONAL PRE OR POST ARITHMETIC 

EXPANDABLE IN MULTIPLES OF FOUR BITS 

SLIM 24-PIN PACKAGE 


PIN NAMES LOADING (Note a) 
Do — D3 Data Inputs (Active LOW) 
Ig —!3 Instruction Word Inputs 
Ci Carry Input (Active LOW) (Note b) 
mee) Carry Output (Active LOW) 
CP Clock Input (L > H Edge-Triggered) 
EX Execute Input (Active LOW) 
EOx Address Output Enable Input 
(Active LOW) 
EOo Data Output Enable Input 
(Active LOW) 
Xg — X3 Address Outputs (Note b) 
Oo _ 03 Data Outputs (Active LOW) 
(Note b) 
NOTES: 


a. 1 Unit Load (U.L.) = 40 vA HIGH, 1.6 mA LOW. 
b. Output Current measured at Vout = 0.5 V. 
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LOGIC SYMBOL 


x 
“ Xq_X1 Xp Xg3_Og 04 02 0; 


8 9 10 Ti 20 18 16 


Voc = Pin 24 
GND = Pin 12 


CONNECTION DIAGRAM — 
DIP (TOP VIEW) 


NOTE: 

The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


© ® 
@) Fp 


FAIRCHILD * 9407 


BLOCK DIAGRAM 


Bz By By Bo Ag Ap Ay Ag Cl 
BINARY ADDER 


(Ro) 
iy he 
oe 
Et a i 


lip ie 118 '1a 00 oc 'op boa 


4-BIT REG. 


2-INPUT MUX 
(Ra) 


CP 


Q3 Q, Q, A 


om 1 LL. _ 
>it you 


co X3 Xo x Xo 
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DECODER/ENCODER 


QUAD 
3-INPUT MUX 


Vcc = Pin 24 
GND = Pin 12 
© = Pin Number 


FAIRCHILD * 9407 


FUNCTIONAL DESCRIPTION — The 9407 contains a 4-bit slice of three Registers (Ro— Ro), a 4-Bit Adder, a 3-state 
Address Output Buffer (Xg—X3), and a separate Output Register with 3-state buffers (Og—O3), allowing output of the 
register contents on the data bus (refer to the Block Diagram). The DAR performs 16 instructions, selected by Ig—I3, as 
listed in Table 1. ; 


OPERATION — The 9407 operates on a single clock. CP and EX are inputs to a 2-input, active LOW AND gate. For normal 
operation EX is brought LOW while CP is HIGH. A microcycle starts as the clock goes HIGH. Data Inputs Do—D3 are applied 
to the Adder as one of the operands. Three of the four instruction lines (Iq, I5,13) select which of the three registers, if any, is 
to be used as the other operand. The LOW-to-HIGH CP transition writes the result from the Adder into a register (Rg—R>) 


and into the output register provided EX is LOW. If the Ig instruction input is HIGH, the multiplexer routes the result from 
the Adder to the 3-state Buffer controlling the address bus (Xq—X3) independent of EX and CP. If Ig is LOW, the 
multiplexer routes the output of the selected register directly into the 3-State Buffer controlling the Address Bus (Xg—X9), 
independent of EX and CP. 


9407 ARRAYS — The 9407 is organized as a 4-bit register slice. The active LOW Cl and CO lines allow ripple-carry 
expansion over longer word lengths. 


APPLICATIONS — In a typical application, the register utilization in the DAR may be as follows: Rg is the program counter 
(PC), Ry is the stack pointer (SP) for memory resident stacks and Ry contains the operand address. For an instruction Fetch, 
PC can be gated on the X-Bus while it is being incremented (i.e., D-Bus = 1). If the fetched instruction calls for an effective 
address for execution, which is displaced from the PC, the displacement can be added to the PC, and loaded into Ro during 
the next microcycle. 


TABLE 1 
INSTRUCTION SET FOR THE 9407 
INSTRUCTION COMBINATORIAL FUNCTION SEQUENTIAL FUNCTION OCCURRING 
AVAILABLE ON THE X-BUS ON THE NEXT RISING CP EDGE 


Ro 

Rog plus D pius Cl 
Ro 

Rg plus D plus C! 
Ro 

Rg plus D plus Cl 
Ry 

Ry plus D plus Ci 
R2 

D plus Cl 

Ro 

D plus Cl 

R2 

R92 plus D plus Cl 
Ry 

D plus Cl 


Rg plus D plus Cl > Rg and O-register 
Rg plus D plus Cl ~ Rq and 0-register 
Rog plus D plus Cl ~ Ra and 0-register 
R 4 plus D plus Cl > R4 and 0-register 
D plus Cl — R9 and 0-register 
D plus Cl > Rg and O-register 


R92 plus D plus Cl ~ R9 and O-register 


L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 


GTrertrrertr trrtarrtraer ite 


D plus C! ~ Ry and 0-register 


ae. a el ee OR ie SE Pe 


L = LOW Level 
HIGH Level 


x 
HT] 
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FAIRCHILD * 9407 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


LIMITS 


XQ — X3, Og — 03 


1OZH Output Off Current HIGH 


Vec =MIN, lot = 16 mA 
Veco = MAX, VoutT=2.4V,VE=2V 


= 
O;-: 
Oo 

<< 

> 


Oo of: 
oh 
= 


tozL SheMale be uM Vcc = MAX, VouT = 0.5 V, Ve =2V 
Vcc = MAX, Vin = 2.7 V 
1H Input HIGH Current | 40 | CC IN 
| 10 | mA Vcc = MAX, Vin = 5.5 V 


He Input LOW Current mA Vcc = MAX, Vin = 0.4 V 
los Output Short Circuit Current b= 100" | mA Voc = MAX, Vout = 0 V (Note 3) 


cc Supply Current 90 Vcc = MAX, Inputs Open = 


SYMBOL PARAMETER TYP aX UNITS TEST CONDITIONS (Note 1) 
VI Input HIGH Voltage = ee ee Guaranteed Input HIGH Voltage 
aaa RE 
pi mace Soccer caer os Oc pacih eles Loan as 
—_| XM 2.4 3.4 
VOH Output HIGH Voltage, V Vcc = MIN, lon = —400 LA 
XM ; j 
Output HIGH Voltage 2.4 10H = —2.0 mA 
VOH ee} ee he Vv Vcc = MIN 
— 0.3 0.4 Vcc = MIN, lo, = 4.0 mA 
VOL Output LOW Voltage, CO oa O56 Vcc = MIN, Io, = 8.0 mA 
Output LOW Voltage 0.3 Vec =MIN, lot = 8.0 mA 
VOL 0.4 


| 
1 W 
(o) 


NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 


2. Typical limits are at Vcc = 5.0 V, Tp = 25°C. 
3. Not more than one output should be shorted at a time. 


AC SET-UP REQUIREMENTS: Vcc = 5.0 V, Cy = 15 pF, Ta = 25°C 


SYMBOL PARAMETER UNITS CONDITIONS 


tcw Clock Period (Note) 
tpwWH Clock Pulse Width (HIGH) (Note) 
tPWL Clock Pulse Width (LOW) (Note) 


Set-Up Time, Ig — 13 to Negative-Going 
ts 20 
Clock 


Hold Time, Ig — {3 to Positive-Going 
Clock 


Set-Up Time, Dg — D3, Cl to Negative-Going 
| Clock 


a) Hold Time, Do -- D3, Ci to Negative-Going 
° Clock 
; Set-Up Time, Cl to Positive-Going 
t 
: | Clock 
ty! Hold Time, Cl to Positive-Going Clock a= Ss 


oO 
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FAIRCHILD ¢ 9407 


AC CHARACTERISTICS: Vcc = 5.0 V, Cy = 15 pF, Ta = 25 C 


. LIMITS 
SYMBOL PARAMETER UNITS COMMENTS 
t Propagation Delay, Positive-Going CP 32 — 
eer e ai 2 i a a EOo LOW, Figure 3 


tPLH 
tPHL 


tPLH 
instruction Inputs — 14 — 13 to Xg — X3 
tPHL 
t 
coe Positive-Going Clock to Xo — X3 
tPHL 


26 


EOx LOW, Ig LOW, Figure 1 


Instruction Inputs — 14 — I3 to Xg — X23 


EOx LOW, Ig HIGH, Figure 1 


EOx, Ig LOW 


wd 


tp —— 
a Positive-Going Clock to Xg — X3 EO x LOW, Ig HIGH, Figure 2 
TPHL 
tPLH 30 lo HIGH, 14 — 13 Stable 
P tion Delay, Data Inputs to Xg — X 2 3 ‘ 
tp | eas = 
rae Propagation Delay Cl to Xg — X3 = lg HIGH, 14 — Ig Stable, 
tPHL 20 EOx LOW, Figure 5 
tp 24 =—— yo 
ae Propagation Delay Ig to Xg — X3 aA EO LOW, Figure 2 
tPHL 
tPLH Propagation Delay, Positive-Going ; 
on, Figure 1 
tPHL | Clock to CO 
tp fae, gees 13 
ak Propagation Delay, Cl to CO ef fw Figure 5 
tPHL 
t = aa Ean 
cen Propagation Delay, Data Inputs Dg — D3 to CO a | pom Figure 4 
TPHL 
t Propagation Delay, Instruction Inputs 
PLH Ppagati eae y p 30 figures 
tPHL 14 —I3 toCO 32 
tPZH Enable Delay, EOg to Outputs 00 — 03, 13 
tpZ7L EO x to X9 — X38 18 
tPLZ Disable Delay, EOg to Og, O 13 
tPpHZ EOx to Xg — X3 13 


TIMING DIAGRAM 


CONDITIONS: EOx LOW CONDITIONS: EO LOW 


Iy-13 1.3V lo 1.3 


< 


tPLH 


Be 
TPHL 


| 


Xg— X3 Xg—X3 1.3V 


NOTE: 
The internal clock is generated from CP and EX. The internal Clock 


is HIGH if EX or CP is HIGH, LOW if EX and CP are LOW. 


| Fig. 1 Fig. 2 
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FAIRCHILD * 9407 


TIMING DIAGRAM 


CONDITIONS EOg LOW 


~<e—t, <i mal th <—_— 
KXXYAKK MAXX ARAARA EARRIEY) 
Te. a 
XXX XXX AAX AAA AA XXKMAAXXAAXAX AAA AK 


) 


SAAS 


HANS WW 


(h) AAI 


110090009) i 
AN ANA 


— Wi 

noe Ny NYYAYWXYHXYEXYAKXAYAY AYA AXA AY 
AND 
HAAN AIH 


CLOCK (NOTE 1) 


PLH 
PHL 
Oo -- 03 | 1.3V 
t 
apie: PON ee 
*PHL 
Xg—- X3 1.3V 
t 
| PLH 
PHL 
CO 1.3V 
Fig. 3 
CONDITIONS: EOy LOW, Ig HIGH CONDITIONS EOx LOW, ig HIGH 
Bn -D BV x — 
Dare Os 13 aj 1.3V 
PLH t 
SS ; PLH 
PHL PHL 
X9 ~ X3 1.3V Xg— X3 i 
| tPLH ; | PLH 
= tpHy "PHL 
1.3V co 1.3V 
Fig. 4 Fig. 5 
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9410 
REGISTER STACK e 16x4 RAM 
WITH 3-STATE OUTPUT REGISTER 


FAIRCHILD MACROLOGIC™ TTL 


DESCRIPTION — The 9410 is a register oriented high speed 64-bit Read/Write Memory 
organized as 16-words by 4-bits. An edge triggered 4-bit output register allows new input 
data to be written while previous data is held. 3-state outputs are provided for maximum 
versatility. The 9410 is a member of Fairchild’s 9400 MACROLOGIC TTL family and is 
fully compatible with all TTL families. 


LOGIC SYMBOL 


2 1 17 15 13 14 


e EDGE TRIGGERED OUTPUT REGISTER WE CS Do 0; Dz D3 | 
e TYPICAL ACCESS TIME OF 35 ns 
¢ 3STATE OUTPUTS 
e OPTIMIZED FOR REGISTER STACK OPERATION 9410 
e TYPICAL POWER OF 375 mW te RAM 
e 18-PIN PACKAGE 
SAnAce LOADING (Note a) et 
Ag-A3 Address Inputs 0.23 U.L. ? 14 i r 
Do-D3 Data Inputs (Active LOW) 0.5 ULL. | 0.23 ULL. 
cs Chip Select Input (Active LOW) 0.5 ULL. | 0.23 ULL. 
EO Output Enable Input (Active LOW) 0.5 ULL. | 0.23 ULL. 
WE Write Enable Input (Active LOW) 0.5 U.L. | 0.23 ULL. Voc = Pin 18 
cP Clock Input (Outputs Change on LOW 0.5U.L./0.23U.L. | GND = Ping 

to HIGH Transition) 
Q9-03 Outputs (Active LOW) 130 U.L. | 10U.L. 

(Note b) CONNECTION DIAGRAM 

NOTES: DIP (TOP VIEW) 


a) 1 Unit Load (U.L.) = 40 uA HIGH, 1.6 mA LOW. 
b) 10 LOW Unit Loads measured at 0.5 V. 


BLOCK DIAGRAM 


INPUT GATING 


OUTPUT REGISTER 


NOTE: 

The Fiatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 


EO 
Vppb = Pin 18 
Vss =Ping 
© = Pin Numbers 


FAIRCHILD * 9410 


FUNCTIONAL DESCRIPTION 


Write Operation — When the three Control Inputs: Write Enable (WE), Chip Select (CS), and Clock (CP), are LOW the 
information on the Data Inputs (Dg-D3) is written into the memory location selected by the Address Inputs (Ag-A3). If the 
input data changes while WE, CS, and CP are LOW, the contents of the selected memory location follows these changes, 
provided set-up time criteria are met. 


Read Operation — Whenever CS is LOW and CP goes from LOW-to-HIGH, the contents of the memory location selected by 
the Address Inputs (Ag-A3) is edge-triggered into the Output Register. 


A 3-State Output Enable (EO) controls the Output Buffers. When EO is HIGH the four Outputs (Qg-Q3) are in a high 
impedance or OFF state; when EO is LOW, the Outputs are determined by the state of the output register. 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1) 


Poll V Guaranteed Input HIGH Voltage 


ViH Input HIGH Voltage 


= 
Zz 


AR IE N 
(je) Oo 
Oo 
(ee) 
ol 


o 
N 
< 


VIL Input LOW Voltage Guaranteed Input LOW Voltage 


x| xX 
li 


Vep Input Clamp Diode Voltage 


a 

| Vo | Voc = MIN, lin =—18 mA 

[on ==20mA TY 

[ton ==5.2ma | VOC TMS 
Vec = MIN, lo, = 8.0 mA 
| HA | 
is Sees! 
ee) 
Eee 
je 
Es 
eS 


x 
4 
N 
aN 
a) 
nN 


VOH Output HIGH Voltage 


) 
NO 
BS 
o 4 
of] = 7 
an 
ol 
< 


Voc = MIN, lop = 16 mA 


ee 
[0 | 

LA cC- » VOUT = 2:4 V,VE=3V 
[=100| 
[40 | 


x 
= 
ge 
x 
@) 


V Output LOW Voltage 
= : es Xe el 


1OZH Output Off Current HIGH 
IOZL Output Off Current LOW 


LA Vcc = MAX, Vout =0.5V,VE=3V 
MA Vac = MAX, Vin = 2.7 V 


NH Input HIGH Current 
[10 | AT Ve = MAX, Vin = 55 
Ne Input LOW Current | | 0.36 | mA Vec = MAX, Vin = 0.4 V 
los Output Short Circuit Current | = | =100 | mA Vec = MAX, Vout = 0 V (Note 3) 


ICCH Supply Current 


mA Vcc = MAX, Inputs Open 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C. 

3. Not more than one output should be shorted at a time. 
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FAIRCHILD ¢ 9410 


AC CHARACTERISTICS: T, = 25°C 


LIMITS 
SYMBOL | PARAMETER win | TYP MAX UNITS TEST CONDITIONS 
“READ MODE | i | 

t 

P2H Enable Delay, Output Enable to Output i Figure 2 
tp2ZL. . 14 . 

t . ns 

PH2 | Disable Time, Output Enable to Output : Figure 2 
PLZ 8 ns 

t 

as Propagation Delay, Clock to Output a Lae ee Figure 3 

PHL or 
t,AR Set-up Time to Read from Address to Clock | 45 0Cdf 58s Figure 3 
thAR | Hold Time to Read from Address to Clock eee eee ae Figure 3 
WRITE MODE | . 
; Write Enable, Chip Select, or Clock Pulse Width 35 50 = 4 

ure 

W | Required to Write (Note a) i 
tsAW Set-up Time Address to Write Enable (Note b) 2 Te Te ae Figure 4 
thAW Hold Time Address to Write Enable (Note b) cen ee es ee Figure 4 
t,DW Set-up Time Data to Write Enable (Note b) | 35 | lefts Figure 4 
thDW Hold Time Data to Write Enable i i ee Figure 4 


NOTES: 
a) Writing occurs when WE, CE and CP are LOW. 
b) Assuming WE is utilized as Writing Strobe. 


READ MODE AC PARAMETERS 


1.3V 1.3V 


- | tp7y |= —tpuz 
=~ — HIGH”Z" Vin Vin 


09-03 Wie a PLH—}=—o| Pt 
-_s PZL —_ tPLZ 09-93 — FX 


Other Conditions: CS = OE = LOW 
Fig. 3 


Fig. 2 


PROPAGATION DELAY CLOCK 
PROPAGATION DELAY TO DATA OUTPUTS, AND SET-UP 
OUTPUT ENABLE TO DATA OUTPUTS AND HOLD TIMES ADDRESS TO CLOCK TO READ 


WRITE MODE AC PARAMETERS 


AO 
AY 


XXX) 
OK eu) 


YWYVYYWYWY_W#J_Y@WYWJ PPA AAA 
ROY OO? 


.9.9.9.9.4.9.9.9.9.4; LGM 


Other Conditions: CS = CP = LOW 
Fig. 4 


WRITE ENABLE PULSE 
WIDTH, SET-UP AND HOLD 
TIMES ADDRESS AND DATA TO WRITE ENABLE 
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LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


ORDERING INFORMATION AND 
PACKAGE OUTLINES 


LOW POWER SCHOTTKY ORDERING INFORMATION 


Fairchild digital integrated circuits may be ordered using a simplified purchasing code in which the package style and tem- 
perature range are defined below. Either the 74LS series number or the 9LS series number may be used when ordering. 


TEMPERATURE RANGE 74LSOO (or 9LSOO) D C 


M = Military —55°C to+125°C | Temperature 
C = Commercial O°C to +75°C Range 
PACKAGE STYLE pi 

D = Dual In-Line — Ceramic (Hermetic) Device 

P = Dual In-Line — Plastic Type 


F = Flat 


In order to accommodate varying die sizes (SSI, MSI, etc.), numbers of pins (14, 16, 24, etc.), and package outlines, anum- 


Package 


ber of different package forms are required in each of the three package style categories. 


The following lists indicate the specific package dimensions currently used for each device type. The detailed outline 


corresponding to each package code is shown at the end of this section. 


DEVICE DEVICE 
CERAMIC FLATPAK (F) CERAMIC PLASTIC FLATPAK (F) 

54LS00 3l 74LS00 3} 
54LS02 74LS02 3| 
54LS03 74LS03 3| 
54LS04 74LS04 3| 
54LSO05 74LS05 3| 
54LS08 74LS08 3l 
54LS09 74LSO09 3l 
54LS10 74LS10 3| 
54LS11 74LS11 3| 
54L$14 74L814 31 
54LS15 74LS15 3| 
54LS20 74LS20 3| 
54LS21 74LS21 3! 
54LS22 74LS22 3! 
54LS27 74LS27 3| 


LOW POWER SCHOTTKY 
DEVICE MARKING EXAMPLE 


9LS/74LS60 


DC # Date Code 


MILITARY (M) 
—55°C to +125°C 
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MACROLOGIC TTL 
DEVICE MARKING EXAMPLE 


# 9401DC 
Date Code 


COMMERCIAL (C)/INDUSTRIAL 


O°C to +75°C 


DEVICE 


54LS30 
54LS32 
54LS37 
54LS38 
54LS40 


54LS42 
54LS51 
54LS54 
54LS55 
54LS73 


54LS74 
54LS83 
54LS86 
54LS90 
54LS92 


54LS93 
54LS95 
54LS109 
54L$112 
54L$113 


54LS114 
54LS125 
54LS126 
54LS132 
54LS133 


54LS136 
54LS138 
54LS139 
54LS151 
54LS152 


54LS153 
54LS155 
54LS156 
54LS157 
54LS158 


54LS160 
54LS161 
54LS162 
54LS163 
54LS164 


54LS170 
54LS174 
54LS175 
54LS181 
54LS190 


MILITARY (M) 
—~55°C to +125°C 
CERAMIC FLATPAK (F) 
DIP (D) 


DEVICE 


74LS30 
74LS32 
74LS37 
74LS38 
74LS40 


74LS42 
74LS51 
74LS54 
74LS55 
74LS73 


74LS74 
74LS83 
74LS86 
74LS90 
74LS92 


74LS93 
74LS95 
74LS109 
74LS112 
74L$113 


74LS114 
74LS125 


74LS126 
74LS132 
74LS133 


74LS136 
74LS138 
74LS139 
74LS151 
74LS152 


74LS153 
74LS155 
74LS156 
74LS157 
74LS158 


74LS160 
74LS161 


74LS162° 


74LS163 
74LS164 


74LS170 
74LS174 
74LS175 
74LS181 
74LS190 
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COMMERCIAL (C)/INDUSTRIAL 
O°C to +75°C 


~CERAMIC PLASTIC FLATPAK (F) 
DIP (D) DIP (P) 


3l 
3I 
3l 
3! 
31 


4L 
3! 
3l 
3| 
3l 


3! 
4L 
3! 
3| 
3| 


3| 
3| 
4L 
4L 
3| 


3! 
3| 
3| 
3l 
4L 


3l 
4L 
4L 
4L 
3l 


4L 
4L 
4L 
4L 
4. 


4L 
4L 
4L 
4L 
3! 


4L 
4L 
4L 
4M 
4. 


MILITARY (M) COMMERCIAL (C)/INDUSTRIAL 
— ° + ie) ce) +" ° 
DEVICE 55°C to +125°C DEVICE O°C to +75°C 


CERAMIC FLATPAK (F) CERAMIC PLASTIC FLATPAK (F) 
DIP (D) DIP (D) DIP (P) 
54LS191 6B 74LS191 6B 9B 4L 
54LS192 6B 74LS192 6B 9B 4L 
54LS193 6B 74LS193 6B 9B 4L 
54LS194 6B 74LS194 6B 9B 4L 
54LS195 6B 74LS195 6B 9B 4L 
5415196 6A 74LS196 6A 9A 3! 
54LS197 6A 74LS197 6A 9A 3! 
54LS251 6B 74LS251 6B 9B 4L 
54LS253 6B 74LS253 6B 9B 4L 
54LS257 6B 74LS257 6B 9B 4L 
54LS258 6B 74LS258 6B 9B 4L 
54LS259 6B 74LS259 6B 9B 4. 
54LS266 6A 74LS266 6A 9A 3! 
54LS279 6B 74LS279 6B 9B 4L 
54LS283 6B 74LS283 6B 9B 4L 
54LS290 6A 74LS290 6A 9A 31 
54LS293 6A 74LS293 6A 9A 3| 
54LS295 6A 74LS295 6A 9A 3| 
54LS298 6B 74LS298 6B 9B 4L 
54LS365 6B 74LS365 6B 9B 4L 
54LS366 6B 74LS366 6B 9B 4L 
54LS367 6B 74LS367 6B 9B 4. 
54LS368 6B 74LS368 6B 9B AL. 
54LS670 6B 74LS670 6B 9B 4L 


MILITARY (M) COMMERCIAL (C)/INDUSTRIAL 


sean (e) + fe) @) eo} 
DEVICE 55°C to +125°C O°C to +75°C 


CERAMIC FLATPAK (F) CERAMIC FLATPAK (F) 
DIP (D) DIP (D) DIP (P) 
9LSOO 3| 
9LSO2 3] 
9LSO3 3| 
9LSO4 3! 
9LSO5 3| 
9LSO8 3| 
9LSO9 3| 
9LS10 3| 
9LS11 31 
9LS14 31 
9LS15 3| 
9LS20 3! 
9LS21 31 
9LS22 3| 
9LS27 3| 
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| MILITARY (M) COMMERCIAL (C)/INDUSTRIAL 


DEVICE —55°C to +125°C O°C to +75°C | 
DIP (D) DIP (D) DIP (P) 
9LS30 6A 3! 6A 9A 3] 
9LS32 6A ; | 3] 
9LS37 6A 31 
9LS38 6A 3] 
9LS40 6A 3l 
9LS42 6B 4L 
9LS51 6A 3! 
9LS54 6A 3| 
— 9LS55 6A 3! 
9LS73 6A 3| 
9LS74 6A 3| 
9LS83 6B 4L 
9LS86 6A 3| 
9LS90 6A 3| 
9LS92 6A 3| 
9LS93 6A 3! 
9LS95 6A 3| 
9LS109 6B 4L 
9LS112 6B 4L 
9LS113 6A 3| 
9LS114 6A 3! 
9LS125 6A 3! 
9LS126 6A 3! 
9LS132 6A 3| 
9L$133 6B 4L 
9LS136 6A 3! 
9LS138 6B 4L 
9LS139 6B 4. 
9LS151 6B 4L 
9LS152 3] 
9LS153 6B 4L 
9LS155 6B 4L 
9LS156 6B 4L 
9LS157 6B 4L 
9LS158 6B 4L 
9LS160 6B 4L 
9LS161 6B 4. 
9LS162 6B 4L 
9LS163 6B 4L 
9LS164 6A 3l 
9LS170 6B 4L 
9LS174 6B 4L 
9LS175 6B 4L 
9LS181 6N 4M 
9LS190 6B 4L 
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DEVICE 


9LS191 
9LS192 
9LS193 
9LS194 
9LS195 


9LS196 
9L.S$197 
9LS251 
9LS253 
9LS257 


9LS258 
9LS259 
9LS266 
9LS279 
9LS283 


9LS290 
9LS293 
9LS295 
9LS298 
9LS365 


9LS366 
9LS367 
9LS368 
9LS670 


9401 
9403 
9404 
9405 
9406 
9407 
9410 
96LO2 
96S02 


MILITARY (M) 


—-6B6°C to +125°C 


CERAMIC 


DIP (D) 


FLATPAK (F) 
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CERAMIC 
DIP (D) 


6B 
6B 
6B 
6B 
6B 


6A 
6A 
6B 
6B 
6B 


6B 
6B 
6A 
6B 
6B 


6A 
6A 


6A 
6B 
6B 


6B 
6B 
6B 
6B 


7A 
6Q 
60 
60 
60 
60 
7D 
6B 
6B 


COMMERCIAL (C)/INDUSTRIAL 
O°C to +75°C 


PLASTIC FLATPAK (F) 
DIP (P) 


4L 
4L 
4L 
4L 
4L 


3| 
3! 
4. 
4L 
4L 


4L 
4L 
3! 

4L 
4L 


3| 
3| 
3| 
4L 
4L 


4L 
4L 
4L 
4L 


3] 

4M 
4M 
4M 
4M 
4M 


4L 
4L 


PACKAGE OUTLINES 
FLATPAK 


in accordance with 7 16-Pin Cerpak 
JEDEC (TO-86) outline 
14-Pin Cerpak 


NOTES: 
All dimensions in inches NOTES: 
Leads are gold-plated kovar All dimensions in inches 
Package weight is 0.26 gram Leads are gold-plated kovar 
Lead 1 orientation may be either tab or dot Package weight is 0.4 gram 
24-Pin BeO Cerpak 
.050 4M 
TYP | 
4 le 24 = f 
ca 2 23 — 
: ——=== 3 22 
4 21 
5 20 per || 

ifs Deere 
019 Se 8 17 oe 
Bb 9 16 SS 
TYP. a 4 15 amare NOTES: 

aNeReoe if Sneealanteeeieer | Ail dimensions in inches 

| | r er Leads are gold-plated kovar 

+ 350__ ee Ota i ; ; 

250 ~~ 250 oe Package weight is 0.8 gram 


006 L ee | 
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4L 


PACKAGE OUTLINES 
DIP 


in accordance with 16-Pin Ceramic Dual In-Line 
JEDEC (TO-116) outline 
14-Pin Ceramic Dual In-Line 


785 


~ 


6B 


aS = MIN 
MAX. ...L. Seating 
Cc + Plane ou 
: .045 
165 -110 | 100, 90 Be a m0 “ ea ce 4 
.100 tag SNBOE: TYP. STANDOFF 
WIDTH 
NOTES: 
All dimensions in inches 
NOTES: Leads are intended for insertion in hole 
All dimensions in inches rows on .300”’ centers 
Leads are intended for insertion in hole They are purposely shipped with “positive” 
rows on .300” centers misalignment to facilitate insertion 
They are purposely shipped with ‘‘positive”’ Board-drilling dimensions should equal your 
misalignment to faciliate insertion practice for .020’’ diameter lead 
Board-drilling dimensions should equal your Leads are tin-plated kovar 
practice for .020" diameter lead Package weight is 2.0 grams 
Leads are tin-plated kovar *The .037 /.027 dimension does not apply to 
Package weight is 2.0 grams the corner leads 


24-Pin Ceramic Dual In-Line 


60 
NOTES: 
All dimensions in inches 
Leads are intended for insertion in hole 
rows on .400” centers 
They are purposely shipped with ‘positive’ 


140 Nias misalignment to facilitate insertion 

i 020 MIN. Board-drilling dimensions should equal your 
Sing nA practice for .020” diameter lead 

4g | iL 009 Leads are tin-plated kovar 

He leuko shee fg 


TYP. STANDOFF 
WIDTH 


+ 
170 ie me 
Nine a 4——t. Seating 
; | } Plane : 
Cook | 045 , 
es —eilh ("015 
165° | 110 | 03 m 20 _ 375 
100 "090 027 016 NOM. 


PACKAGE OUTLINES 


14-Pin Ceramic Dual In-Line 


7A 


t 
219 ie 
.170 le 
£ O11 
009 
095 
ten mite . 060 I 35 . 
090 sige = 016 NOM. 
ne WIDTH 
NOTES: 


All dimensions in inches 

Leads are intended for insertion in hole 
rows on .300” centers 

They are purposely shipped with “positive” 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
practice for .020” diameter lead » 

Leads are tin-plated kovar 

Package weight is 2.0 grams 


18-Pin Ceramic Dual In-Line 


900 7D 
F ‘880 ‘ 
hes 9 1 
291 025 R 
265 NOM. 
i 10 18 
| 065 
atl L6 
_ 310 
290 | 
a 020 | 
‘170 i i mn, 
4 oe 4-—1_. Seating 
| f Plane O11 
i 009 
ie | 110 037 Sa Lots L | 
110 ep IL. 20378 375 
100 .090 027 "016 NOM. 
TYP. 


STANDOFF 
WIDTH 


NOTES 

All dimensions in inches 

Leads are intended for insertion in hole 
rows on .300” centers 

They are purposely shipped with ‘’positive”’ 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
practice for .020" diameter lead 

Leads are tin-plated kovar 

*The .037 /.027 dimension does not apply to 

the corner leads 


16-Pin Ceramic Dual In-Line 


7B 


. 310 
290 
.020 


TYP. STANDOFF 
WIDTH 


NOTES 
All dimensions in inches 
Leads are intended for insertion in hole 
rows on .300” centers 
They are purposely shipped with ‘positive’ 
misalignment to facilitate insertion 
Board-drilling dimensions should equal your 
practice for .020” diameter lead 
Leads are tin-plated kovar 
Package weight is 2.2 grams 
*The .037 /.027 dimension does not apply to 
the corner leads 


PACKAGE OUTLINES 


14-Pin Plastic Dual In-Line 16-Pin Plastic Dual In-Line 


MAX. ona 
Seating 2 


Plane ~ a 3 \ ane 4 - f 
TYP. STANDOFF , | a “ee 13 es 
NOTES: 

NOTES: All dimensions in inches 
All dimensions in inches Leads are intended for insertion in hole 
Leads are intended for insertion in hole rows on .300” centers 

rows on .300” centers They are purposely shipped with “‘positive”’ 
They are purposely shipped with “positive” misalignment to facilitate insertion 
misalignment to facilitate insertion Board-drilling dimensions should equal your 
Board-drilling dimensions should equal your practice for .020’ diameter lead 

practice for .020"’ diameter lead Leads are tin-plated kovar 
Leads are tin-plated kovar Package weight is 0.9 gram 
Package weight is 0.9 gram *The .037/ .027 dimensions does not apply to 


the corner leads 
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PACKAGE OUTLINES 


18-Pin Plastic Dual In-Line 


ie — Fas — a . 9M 


NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole 

rows on .300” centers 

They are purposely shipped with “‘positive’’ 
misalignment to facilitate insertion 

Board-drilling dimensions should equal your 
practice for .020" diameter lead 

Leads are tin-plated kovar 


7 
i< 
| 

er 


24-Pin Plastic Dual In-Line 


SN | 9U 


> Pe an 
148 ema r % Mee =\ 020 MIN. 
c 020 MIN. _\ (Es Seating = 
ae ats Seating Wis i fone ~ 009 


Plane | | sul | a 
011 25 110 037 020 500 
| : .009 115 > 0901 027 016 = MAX, 
oo | TYP. STANDOFF 
135 2 110, |.037 aL. 020 700 as . WIDTH 
115 090 027 ‘(016 MAX. 


Typ. STANDOFF 


WIDTH 
NOTES: 

NOTES: All dimensions in inches 
All dimensions in inches Leads are intended for insertion in hole 
Leads are intended for insertion in hole rows on .400” centers 

rows on .600” centers They are purposely shipped with ‘positive’’ 
They are purposely shipped with “positive” misalignment to facilitate insertion 

misalignment to facilitate insertion Board-drilling dimensions should equal your 
Leads are tin-plated kovar practice for .020” diameter lead 
Package weight is 2.7 grams Leads are tin-plated kovar 


7-12 


LOW POWER SCHOTTKY 
AND MACROLOGIC™ TTL 


FAIRCHILD FIELD SALES OFFICES, 
SALES REPRESENTATIVES AND 
DISTRIBUTOR LOCATIONS 


FAIRCHILD FRANCHISED DISTRIBUTORS 


ALABAMA 

HALLMARK ELECTRONICS 

4739 Commercial Drive 

Huntsville, Alabama 35805 

Tel: 205-837-8700 TWX: 810-726-2187 


HAMILTON/AVNET ELECTRONICS 

805 Oster Drive, N.W. 

Huntsville, Alabama 35805 

Tel: 205-533-1170 

Telex: None — use HAMAVLECB DAL 73-0511 
(Regional Hq. in Dallas, Texas) 


ARIZONA 

HAMILTON/AVNET ELECTRONICS 
2615 S. 21st Street 

Phoenix, Arizona 85034 

Tel: 602-275-7851 TWX: 910-951-1535 


LIBERTY ELECTRONICS/ARIZONA 

3130 N. 27th Avenue 

Phoenix, Arizona 85016 

Tel: 602-257-1272 TWX: 910-951-4282 


CALIFORNIA 

AVNET ELECTRONICS 

10916 W. Washington Blvd. 

Culver City, California 90230 

Tel: 213-558-2345 TWX: 910-340-6364 


BELL INDUSTRIES 

Electronic Distributor Division 

1161 N. Fair Oaks Avenue 

Sunnyvale, California 94086 

Tel: 408-734-8570 TWX: 910-339-9378 


ELMAR ELECTRONICS 

2288 Charleston Rd. 

Mountain View, California 94042 

Tel: 415-961-3611 TWX: 910-379-6437 


HAMILTON ELECTRO SALES 
10912 W. Washington Bivd. 
Culver City, California 90230 
Tel: 213-558-2121 TWX: 910-340-6364 


HAMILTON/AVNET ELECTRONICS 

575 E. Middlefield Road 

Mountain View. California 94040 

Tel: 415-961-7000 TWX: 910-379-6486 


HAMILTON/AVNET ELECTRONICS 
8917 Complex Drive 

San Diego, California 92123 

Tel: 714-279-2421 

Telex: HAMAVELEC SDG 69-5415 


G.S. MARSHALL COMPANY 

9674 Telstar Avenue 

E! Monte, California 91731 

Tel: 213-686-0141 TWX: 910-587-1565 


G.S. MARSHALL COMPANY 
17975 Skypark Blvd. 

Irvine, California 92707 

Tel: 714-556-6400 


G.S. MARSHALL COMPANY 

8057 Raytheon Rd., Suite 1 

San Diego, California 92111 

Tel: 714-278-6350 TWX: 910-335-1191 


LIBERTY ELECTRONICS 

124 Maryland Street 

El Segundo, California 90245 

Tel: 213-322-8100 TWX: 910-348-7111 


LIBERTY ELECTRONICS/SAN DIEGO 
8248 Mercury Court 

San Diego, California 92111 

Tel: 714-565-9171 TWX: 910-335-1590 


COLORADO 

ELMAR ELECTRONICS 

6777 E. 50th Avenue 

Commerce City, Colorado 80022 

Tel: 303-287-9611 TWX: 910-936-0770 


G.S. MARSHALL COMPANY 

5633 Kendall Court 

Arvada, Colorado 80002 

Tel: 303-423-9670 TWX: 910-938-2902 


HAMILTON/AVNET ELECTRONICS 

5921 N. Broadway 

Denver, Colorado 80216 

Tel: 303-534-1212 TWX: 910-931-0510 


CONNECTICUT 

HAMILTON/AVNET ELECTRONICS 

643 Danbury Road 

Georgetown, Connecticut 06829 

Tel: 203-762-0361 

TWX: None — use 710-897-1405 
(Regional Hq. in Mt. Laurel, N.J.) 


HARVEY ELECTRONICS 

112 Main Street 

Norwalk, Connecticut 06851 
Tel: 203-853-1515 


SCHWEBER ELECTRONICS 
Finance Drive 

Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: 203-792-3500 


FLORIDA 

HALLMARK ELECTRONICS 

1302 W. McNab Road 

Ft. Lauderdale, Florida 33309 

Tel: 305-971-9280 TWX: 510-956-3092 


HALLMARK ELECTRONICS 

7233 Lake Ellenor Drive 

Orlando, Florida 32809 

Tel: 305-855-4020 TWX: 810-850-0183 


HAMILTON/AVNET ELECTRONICS, 
4020 North 29th Avenue 

Hollywood, Florida 33021 

Tel: 305-925-5401 TWX: 510-954-9808 


SCHWEBER ELECTRONICS 

2830 North 28th Terrace 

Hollywood, Florida 33020 

Tel: 305-927-0511 TWX: 510-954-0304 


GEORGIA 

HAMILTON/AVNET ELECTRONICS 

6700 Interstate 85 Access Road, Suite 1£ 
Norcross, Ga. 30071 

Tel: 404-448-0800 


Telex: None — use HAMAVLECB DAL 73-0511 


(Regional Hq. in Dallas, Texas) 


SCHWEBER ELECTRONICS 
4126 Pleasantdale Rd., Suite 14 
Atlanta, Ga. 30340 

Tel: 404-449-9170 


ILLINOIS 

ALLIED ELECTRONICS 
1355 Sleepy Hollow Road 
Elgin, !linois 60120 

Tel: 312-697-8200 

Telex: 72-2465 or 72-2466 


KIERULFF ELECTRONICS 

9340 Williams Street 

Rosemont, I!linois 60018 

Tel: 312-678-8560 TWX: 910-227-3166 


HAMILTON/AVNET ELECTRONICS 

3901 N. 25th Avenue 

Schiller Park, Hlinois 60176 

Tel: 312-678-6310 TWX: 910-227-0060 


SCHWEBER ELECTRONICS, INC. 

1380 Jarvis Ave. 

Etk Grove Village, Il. 60007 

Tel: 312-593-2740 TWX: 910-222-3453 


SEMICONDUCTOR SPECIALISTS, INC. 
(mailing address) 

O'Hare International Airport 

P.O. Box 66125 

Chicago, Illinois 60666 


(shipping address) 

195 Spangler Avenue 

Elmhurst Industrial Park 

Elmhurst, Illinois 60126 

Tel: 312-279-1000 TWX: 910-254-0169 


INDIANA 

PIONEER INDIANA ELECTRONICS, INC. 
6408 Castleplace Drive 

Indianapolis, Indiana 46250 

Tel: 317-849-7300 TWX: 810-260-1794 


SEMICONDUCTOR SPECIALISTS, INC. 
(mailing address) 

Weir Cook Airport 

P.O. Box 41630 

indianapolis, Indiana 46241 


(shipping address) 

1885 Banner Ave. 

Indianapolis, Indiana 46241 

Tel: 317-243-8271 TWX: 810-341-3126 


IOWA 

SCHWEBER ELECTRONICS 
Suite 302, Executive Plaza 
4403 First Avenue S.E. 
Cedar Rapids, lowa 52402 
Tel: 319-393-9125 


KANSAS 

HAMILTON/AVNET ELECTRONICS 
37 Lenexa Industrial Center 

9900 Pflumm Road 

Lenexa, Kansas 66215 

Tel: 913-888-8900 


Telex: None — use HAMAVLECB DAL 73-0511 


(Regiona! Hq. in Dallas, Texas) 


LOUISIANA 

STERLING ELECTRONICS CORP. 
4613 Fairfield 

Metairie, Louisiana 70002 

Tel: 504-887-7610 

Telex: STERLE LEC MRIE 58-328 


MARYLAND 
HAMILTON/AVNET ELECTRONICS 
(mailing address) 

Friendship International Airport 
P.O. Box 8647 

Baltimore, Maryland 21240 


(shipping address) 

7255 Standard Drive 

Hanover, Maryland 21076 

Tel: 301-796-5000 TWX: 710-862-1861 
Telex: HAMAVLECA HNVE 87-968 


SCHWEBER ELECTRONICS 

5640 Fisher Lane 

Rockville, Maryland 20852 

Tel: 301-881-2970 TWX: 710-828-0536 


PIONEER WASHINGTON ELECTRONICS, INC. 


9100 Gaither Road 
Gaithersburg, Maryland 20760 


Tel: 301-948-0710 TWX: 710-828-9784 


FAIRCHILD FRANCHISED DISTRIBUTORS (Cont'd) 


MASSACHUSETTS 


GERBER ELECTRONICS 

852 Providence Highway 

U.S. Route 1 

Dedham, Massachusetts 02026 
Tel: 617-329-2400 


HAMILTON/AVNET ELECTRONICS 

185 Cambridge Street 

Burlington, Massachusetts 01803 

Tel: 617-273-2120 TWX: 710-332-1201 


HARVEY ELECTRONICS 

44 Hartwell Ave. 

Lexington, Massachusetts 02173 
Tel: 617-861-9200 


KIERULFF ELECTRONICS 

13 Fortune Drive 

Billerica, Massachusetts 01865 

Tel: 617-667-8331 (Local) 
617-935-5134 (from Boston Area) 

TWX: 710-390-1449 


SCHWEBER ELECTRONICS 

213 Third Avenue 

Waltham, Massachusetts 02154 
Tel: 617-890-8484 


MICHIGAN 

HAMILTON/AVNET ELECTRONICS 
12870 Farmington Rd. 

Livonia, Michigan 48150 

Tel: 313-522-4700 TWX: 810-242-8775 


PIONEER/DETROIT 
13485 Stamford 

Livonia, Michigan 48150 
Tel: 313-525-1800 


SCHWEBER ELECTRONICS 
86 Executive Drive 

Troy, Michigan 48084 

Tel 313-583-9242 


SHERIDAN SALES CO. 

24543 Indoplex Drive (P.O. Box 529) 
Farmington, Mich. 48024 

Tel: 313-477-3800 


MINNESOTA 

HAMILTON/AVNET ELECTRONICS 

/683 Washington Ave. South 

Edina, Minnesota 55435 

Tel: 612-941-3801 

TWX: None — use 910-227-0060 
(Regional Hq. in Chicago, Ill.) 


SCHWEBER ELECTRONICS 
7015 Washington Ave. South 
Edina, Minnesota 55435 

Tel: 612-941-5280 


SEMICONDUCTOR SPECIALISTS, INC. 
8030 Cedar Avenue South 

Minneapolis, Minnesota 55420 

Tel: 612-854-8841 TWX: 910-576-2812 


MISSOURI 

HAMILTON/AVNET ELECTRONICS 
364 Brookes Lane 

Hazelwood, Missouri 63042 

Tel: 314-731-1144. 

Telex: HAMAVLECA HAZW 44-2348 


SEMICONDUCTOR SPECIALISTS, INC. 
3805 N. Oak Trafficway 

Kansas City, Mo. 64116 © 

Tel: 816-452-3900 TWX: 910-771-2114 


SEMICONDUCTOR SPECIALISTS, INC. 
Lakeview Square 

1020 Anglum Road 

Hazelwood, Missouri 63042 

Tel: 314-731-2400 TWX: 910-762-0645 


NEW JERSEY 

HAMILTON/AVNET ELECTRONICS 

113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel, N.J. 08057 

Tel: 609-234-2133 TWX: 710-897-1405 


HAMILTON/AVNET ELECTRONICS 

218 Little Falls Road 

Cedar Grove, New Jersey 07009 

Tel: 201-239-0800 TWX: 710-994-5787 


KIERULFF ELECTRONICS 

#5 Industrial Drive 

Rutherford, New Jersey 07070 

Tel: 201-935-2120 TWX: 710-989-0225 


STERLING ELECTRONICS 

774 Pfeiffer Blvd. 

Perth Amboy, N.J. 08861 

Tel: 201-442-8000 Telex: 138-679 


SCHWEBER ELECTRONICS 

43 Belmont Drive 

Somerset, N.J. 08873 

Tel: 201-469-6008 TWX: 710-480-4733 


NEW MEXICO 

CENTURY ELECTRONICS 

121 Elizabeth, N.E. 

Albuquerque, New Mexico 87123 

Tel: 505-292-2700 TWX: 910-989-0625 


HAMILTON/AVNET ELECTRONICS 

2450 Baylor Dr. S.E. 

Albuquerque, New Mexico 87119 

Tel: 505-765-1500 

TWX: None — use 910-379-6486 
(Regional Hq. in Mt. View, Ca.) 


NEW YORK 

HAMILTON/AVNET ELECTRONICS 

167 Clay Road 

Rochester, New York 14623 

Tel: 716-442-7820 

TWX: None — use 710-332-1201 
(Regional Hq. in Burlington, Mass.) 


HAMILTON/AVNET ELECTRONICS 
6500 Joy Road 

E. Syracuse, New York 13057 

Tel: 315-437-2642 TWX: 710-541-0959 


HAMILTON/AVNET ELECTRONICS 

70 State Street 

Westbury, L.I., New York 11590 

Tel: 516-333-5800 TWX: 510-222-8237 


SCHWEBER ELECTRONICS 

Jericho Turnpike 

Westbury, L.I., New York 11590 

Tel: 516-334-7474 TWX: 510-222-3660 


SCHWEBER ELECTRONICS, INC. 
2 Town Line Circle 

Rochester, New York 14623 
Tel: 716-461-4000 


SEMICONDUCTOR CONCEPTS . 

195 Engineers Rd. 

Hauppauge, New York 11787 

Tel: 516-273-1234 TWX: 510-227-6232 


SUMMIT DISTRIBUTORS, INC. 

916 Main Street 

Buffalo, New York 14202 

Tel: 716-884-3450 TWX: 710-522-1692 


NORTH CAROLINA 

HALLMARK ELECTRONICS 

3000 Industrial Drive 

Raleigh, North Carolina 27609 

Tel: 919-832-4465 TWX: 510-928-1831 


PIONEER/CAROLINA ELECTRONICS 
2906 Baltic Avenue 

Greensboro, North Carolina 27406 
Tel: 919-273-4441 


OHIO 
ARROW ELECTRONICS, INC. 


_3100 Plainfield Road 


Kettering, Ohio 45429 
Tel: 513-253-9176 TWX: 810-459-1611 


HAMILTON/AVNET ELECTRONICS 


- 761 Beta Drive, Suite "E” 


Cleveland, Ohio 44143 

Tel: 216-461-1400 

TWX: None — use 910-227-0060 
(Regional Hq. in Chicago, Hl.) 


HAMILTON/AVNET ELECTRONICS 

118 Westpark Road 

Dayton, Ohio 45459 

Tel: 513-433-0610 TWX. 810-450-2531 


ROCHESTER RADIO SUPPLY CO., INC 
140 W. Main Street 

(P.O. Box 1971) 

Rochester, New York 14603 

Tel: 716-454-7800 


PIONEER/CLEVELAND 
4800 East 131st Street 
Cleveland, Ohio 44105 
Tel: 216-587-3600 


SCHWEBER ELECTRONICS 

23880 Commerce Park Road 
Beachwood, Ohio 44122 

Tel’ 216-464-2970 TWX: 810-427-9441 


SHERIDAN SALES COMPANY 

23224 Commerce Park Road 
Beachwood Ohio 44122 

Tel: 216-831-0130 TWX: 810-427-2957 


SHERIDAN SALES CO. 
(mailing address) 

P.O. Box 37826 
Cincinnati, Ohio 45222 


(shipping address) 

10 Knollcrest Drive 

Reading, Ohio 45237 

Tel: 513-761-5432 TWX: 810-461-2670 


OKLAHOMA 

HALLMARK ELECTRONICS 

4846 South 83rd East Avenue 

Tulsa, Oklahoma 74145 

Tel: 918-835-8458 TWX: 910-845- 2290 


PENNSYLVANIA ' 

HALLMARK ELECTRONICS, INC. 

458 Pike Road 

Huntingdon Valley, Pennsyivania 19006 
Tel: 215-355-7300 TWX: 510-667-1727 


PIONEER/DELWARE VALLEY, INC. 

203 Witmer Rd. 

Horsham, Pennsylvania 19044 

Tel: 215-674-5710 (from Pennsylvania phones) 
Tel: 609-541-1120 (from New Jersey phones) 


PIONEER ELECTRONICS, INC. 

560 Alpha Drive 

Pittsburgh, Pennsylvania 15238 

Tel: 412-782-2300 TWX: 710-795-3122 


SHERIDAN SALES COMPANY 
1717 Penn Ave. 

Suite 5009 . 

Pittsburgh, Pennsylvania 15221 
Tel: 412-244-1640 


TEXAS 

HAMILTON/AVNET ELECTRONICS 
4445 Sigma Road 

Dallas, Texas 75240 

Tei: 214-661 -8661 

Telex: HAMAVLECB DAL 73-0511 


FAIRCHILD FRANCHISED DISTRIBUTORS (Cont'd) 


TEXAS 


HAMILTON/AVNET ELECTRONICS 
1216 West Clay 

Houston, Texas 77019 

Tel: 713-526-4661 

Telex: HAMAVLECB HOU 76-2589 


NORVELL ELECTRONICS, INC. 

10210 Monroe Drive 

(P.O. Box 20279) 

Dallas, Texas 75220 

Tel: 214-350-6771 TWX: 910-861-4512 


NORVELL ELECTRONICS, INC. 

6440 Hillcroft Avenue 

Houston, Texas 77036 

Tel: 713-774-2568 TWX: 910-881-2560 


SCHWEBER ELECTRONICS, INC. 

2628 Longhorn Blvd. 

Austin, Texas 78758 

Tel: 512-837-2890 TWX: 910-874-1359 


SCHWEBER ELECTRONICS, INC. 

14177 Proton Road 

Dallas, Texas 75240 . 
Tel: 214-661-5010 TWX: 910-860-5493 


SCHWEBER ELECTRONICS, INC. 

7420 Harwin Drive 

Houston, Texas 77036 

Tel: 713-784-3600 TWX: 910-881-1109 


STERLING ELECTRONICS 

4201 Southwest Freeway 

Houston, Texas 77027 

Tel: 713-627-9800 TWX: 910-881-5042 
Telex: STELECO HOQUA 77-5299 


UTAH 

CENTURY ELECTRONICS 
2150 South 300 West 

Salt Lake City, Utah 84115 
Tel: 801-487-8551 


HAMILTON/AVNET ELECTRONICS 

647 W. Billinis Rd. 

Salt Lake City, Utah 84119 

Tel: 801-262-8451 

TWX: None -- use 910-379-6486 
(Regional Hq. in Mt. View, Ca.) 


WASHINGTON 

HAMILTON/AVNET ELECTRONICS 
13407 Northrup Way 

Bellevue, Washington 98005 

Tel: 206-746-8750 TWX: 910-443-2449 


WASHINGTON 


LIBERTY ELECTRONICS 

5305 2nd Ave. South 

Seattle, Washington 98108 

Tel: 206-763-8200 TWX: 910-444-1379 


WISCONSIN 

HAMILTON/AVNET ELECTRONICS 
6055 N. Santa Monica Blvd. 
Whitefish Bay, Wisconsin 53717 
Tel: 414-964-3482 


MARSH ELECTRONICS, INC 

6047 Beloit Road 

Milwaukee, Wisconsin 53219 

Tel: 414-545-6500 TWX. 910-262-3321 


SEMICONDUCTOR SPECIALISTS, INC 
10855 W Potter Road 

Wauwatosa, Wisconsin 53226 

Tel 414-257-1330 TWX: 910-262 .3022 


CANADA 

CAM GARD SUPPLY LTD. 

640 42nd Avenue S.E. 

Calgary, Alberta, T2G 1Y6, Canada 
Tel: 403-287-0520 Telex: 03-822811 


CAM GARD SUPPLY LTD. 

10505 111th Street 

Edmonton, Alberta, TSH 3E8, Canada 
Tel: 403-426-1805 Telex: 03-72960 


CAM GARD SUPPLY LTD. 

4910 52nd Street 

Red Deer, Alberta, T4N 2C8, Canada 
Tel: 403-346-2088 


CAM GARD SUPPLY LTD. 

825 Notre Dame Drive 

Kamloops, British Columbia, V2C 5N8, Canada 
Tel: 604-372-3338 


CAM GARD SUPPLY LTD. 

1777 Ellice Avenue 

Winnepeg, Manitoba, R3H OW5, Canada 
Tel: 204-786-8401 Telex: 07-57622 


CAM GARD SUPPLY LTD. 

Rookwood Avenue 

Fredericton, New Brunswick, E3B 4Y9, Canada 
Tel: 506-455-8891 


CAM GARD SUPPLY LTD. 

15 Mount Royal Blvd. 

Moncton, New Brunswick, E1C 8N6, Canada 
Tel: 506-855-2200 


CANADA 


CAM GARD SUPPLY LTD. 

Courtenay Center 

Saint John, New Brunswick, E2L 2X6, Canada 
Tel: 506-657-4666 Telex: 01-447489 


CAM GARD SUPPLY LTD. 

3065 Robie Street 

Halifax, Nova Scotia, B3K 4P6, Canada 
Tel. 902-454-8581 Telex: 01-921528 


CAM GARD SUPPLY LTD. 

1303 Scarth Street 

Regina, Saskatchewan, S4R 27, Canada 
Tel: 306-525-1317 Telex: 07-12667 


CAM GARD SUPPLY LTD. 

1501 Ontario Avenue 

Saskatoon, Saskatchewan, S7K 17, Canada 
Tel. 306-652-6424 Telex: 07-42825 


ELECTRO SONIC INDUSTRIAL SALES 
(TORONTO) LTD. 

1100 Gordon Baker Rd. 

Willowdale, Ontario, M2H 3B3, Canada 
Tel. 416-494-1666 

Telex. ESSCO TOR 06-22030 


HAMILTON/AVNET INTERNATIONAL 
(CANADA) LTD. 

6291 Dorman Rd., Unit #16 
Mississauga, Ontario, L4V 1H2, Canada 
Tel: 416-677-7432 TWX: 610-492-8867 


HAMILTON/AVNET INTERNATIONAL 
(CANADA) LTD. 

1735 Courtwood Crescent 

Ottawa, Ontario, K1Z, 5L9, Canada 
Tel: 613-226-1700 


HAMILTON/AVNET INTERNATIONAL 
(CANADA) LTD. 

2670 Paulus Street 

St. Laurent, Quebec, H4S 1G2, Canada 
Tel. 514-331-6443 TWX: 610-421-3731 


R.A.E. INDUSTRIAL ELECTRONICS, LTD. 

1629 Main Street 

Vancouver, British Columbia, V6A 2W5, Canada 
Tel: 604-687-2621 TWX: 610-929-3065 

Telex: RAE-VCR 04-54550 


SCHWEBER ELECTRONICS 

2724 Rena Road 

Mississauga, Ontario, L4T 3J9, Canada 
Tel: 416-678-9050 
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FAIRCHILD SALES REPRESENTATIVES 


ALABAMA 

CARTWRIGHT & BEAN, INC. 
901 Magnolia Drive, N.W. 
Huntsville, Alabama 35805 
Tel: 205-533-3509 


CALIFORNIA 
CELTEC COMPANY 
7380 Clairemont Mesa Bivd., Suite 109 
San Diego, California 92111 
Tel: 714-279-7961 TWX: 910-335-1512 


CELTEC COMPANY 

2041 Business Center Drive, Suite 211 
Irvine, California 92664 

Tel: 714-752-6111 TWX: 910-595-2512 


CELTEC COMPANY 

6767 Forest Lawn Drive 

Los Angeles, California 90068 

Tel: 213-874-6002 TWX: 910-321-2884 


MAGNA SALES, INC. 

3080 Olcott Street, Suite 210A 

Santa Clara, California 95050 

Tel: 408-985-1750 TWX: 910-338-0241 


COLORADO 

SIMPSON ASSOCIATES, INC. 

2552 Ridge Road 

Littleton, Colorado 80120 

Tel: 303-794-8381 TWX: 910-935-0719 


CONNECTICUT 

LORAC SALES, INC. 

2777 Summer Street 

Stamford, Connecticut 06905 

Tel: 203-348-7701 TWX: 710-474-1763 


FLORIDA 

WMM ASSOCIATES, INC. 

101 Wymore Road, Suite 300 
Altamonte Springs, Florida 32701 


Tel: 305-862-4700 TWX: 810-853-0263 


WMM ASSOCIATES, INC. 

1822 Drew Street ; 

Clearwater, Florida 33519 

Tel: 813-447-2533 TWX: 810-866-4108 


WMM ASSOCIATES, INC. 

1628 E. Atlantic Bivd. 

Pompano Beach, Florida 33060 

Tel: 305-943-3091 TWX: 510-956-9891 


GEORGIA 

CARTWRIGHT & BEAN, INC. 
P.O. Box 52846 

90 W. Wieuca Square, Suite 155 
Atlanta, Georgia 30342 


Tel: 404-255-5262 TWX: 810-751-3220 


INDIANA 

LESLIE M. DEVOE COMPANY 

7172 North Keystone Ave., Suite C 
Indianapolis, Indiana 46240 

Tel: 317-257-1227 TWX: 810-341-3284 


KANSAS 

B.C. ELECTRONIC SALES, INC. 
1015 West Santa Fe | 
Olathe, Kansas 66061 


Tel: 913-782-6696 TWX: 910-749-6414 


B.C. ELECTRONIC SALES, INC. 
1229 South Paige 

Wichita, Kansas 67207 

Tel: 316-686-3394 


MARYLAND 

L.D. LOWERY 

5801 Annapolis Road, Suite 500 
Bladensburg, Maryland 20710 

Tel: 301-277-6565 TWX: 710-826-9654 


MASSACHUSETTS 

SPECTRUM ASSOCIATES, INC. 

888 Worcester Street 

Wellesiey, Massachusetts 02181 

Tel: 617-237-2796 TWX: 710-348-0424 


MICHIGAN 

RATHSBURG ASSOCIATES 

16621 E. Warren Ave. 

Detroit, Michigan 48224 

Tel: 313-882-1717 Telex: 23-5229 


MINNESOTA 

PS! COMPANY 

7710 Computer Avenue 

Minneapolis, Minnesota 55435 

Tel: 612-835-1777 TWX: 910-576-2740 


MISSISSIPPI 
CARTWRIGHT & BEAN, INC. 
P.O. Box 3730 

5250 Galaxy Drive, Suite J 
Jackson, Mississippi 39207 
Tel: 601-981-1368 


MiSSOURI 

B.C. ELECTRONIC SALES, INC. 

320 Brookes Drive, Suite 204 
Hazelwood, Missouri 63042 

Tel: 314-731-1255 TWX: 910-762-0651 


NEW JERSEY 

LORAC SALES, INC: 

580 Valley Road 

Wayne, New Jersey 07470 

Tel: 201-696-7070 TWX: 710-988-5846 


NEW YORK 

ADVANCED COMPONENTS, INC. 

South Bay Road 

P.O. Box 276 

North Syracuse, New York 13212 

Tel: 315-699-2671 TWX: 710-541-0439 


LORAC SALES, INC. 

275 Broadholiow Road 

Melville, L.I., New York 11746 

Tel: 516-293-2970 TWX: 510-224-6480 


SPECTRUM SALES, INC. 

65 Circuit Avenue 

Tuckahoe, New York 10707 

Tel: 914-793-1660 
(Microwave Product Only) 


NORTH CAROLINA 
CARTWRIGHT & BEAN, INC. 
625 Harwyn Drive 

Charlotte, North Carolina 28215 
Tel: 704-333-6457 


CARTWRIGHT & BEAN, INC. 
P.O. Box 11209 

2415-G Crabtree Blvd. 
Raleigh, North Carolina 27604 
Tel: 919-832-7128 
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OHIO 

COMPONENTS, INC. 

16600 Sprague Rd. 

Cleveland, Ohio 44130 

Tel: 216-243-9200 TWX: 810-423-9435 


COMPONENTS, INC. 

9 Pierce Street 

West Carrollton, Ohio 45449 
Tel: 513-866-0661 


PENNSYLVANIA 

BGR ASSOCIATES 

500 Office Center 

Fort Washington Industrial Park 

Fort Washington, Pennsylvania 19034 
Tel: 215-643-4111 TWX: 510-665-1654 


L.D. LOWERY 

2801 West Chester Pike 

Broomall, Pennsylvania 19008 

Tel: 215-356-5300 or 215-528-5170 


TENNESSEE 

CARTWRIGHT & BEAN, INC. 
P.O. Box 4760 

560 S. Cooper Street 
Memphis, Tennessee 38104 
Tel: 901-276-4442 


CARTWRIGHT & BEAN, INC. 
8501 Kingston Pike 
Knoxville, Tennessee 37919 
Tel: 615-693-7450 


TEXAS 

TECHNICAL MARKETING 

4445 Alpha Road 

Dallas, Texas 75240 

Tel: 214-387-3601 TWX: 910-860-5158 


TECHNICAL MARKETING 
6430 Hillcroft, Suite 102 
Houston, Texas 77036 
Tel: 713-771-8466 


UTAH 

SIMPSON ASSOCIATES, INC. 

2480 So. Main Street, Suite 105 

Salt Lake City, Utah 84115 

Tel: 801-486-3731 TWX: 910-925-5253 


WASHINGTON 

QUADRA CORPORATION 

1621 - 114th Avenue S.E. 

Suite 212 

Bellevue, Washington 98004 

Tel: 206-454-4946 TWX: 910-443-2318 


WISCONSIN 

LARSEN ASSOCIATES 

10855 West Potter Road 
Wauwatosa, Wisconsin 53226 
Tel: 414-258-0529 


CANADA 

AVOTRONICS LIMITED 

200 Consumers Road, Suite 200 
Willowdale, Ontario, M2J 1P8, Canada 
Tel: 416-493-9711 


AVOTRONICS LIMITED 

6600 Trans Canada Highway, Suite 750 
Pointe Claire, Quebec, H9R 4S2, Canada 
Tel: 514-697-2135 TWX: 610-422-3908 
Telex: 05-821-762 


*HUNTSVILLE, ALABAMA 

3322 So. Memorial Parkway 35801 
Suite 92 

Tel: 205-883-7020 TWX: 810-726-2214 


PHOENIX, ARIZONA 

4414 N. 19th Avenue 85015 

Suite G 

Tel: 602-264-4948 TWX: 910-951-1544 


*LOS ANGELES, CALIFORNIA 

6922 Hollywood Bivd. 90028 

Suite 818 

Tel: 213-466-8393 TWX: 910-321-3009 


SAN DIEGO, CALIFORNIA 

8333 Clairemont Mesa Blvd. 92111 
Suite 109 

Tel: 714-279-6021 


*SANTA ANA, CALIFORNIA 

2101 East Fourth St. 92705 

Bicg. B, Suite 185 

Tel: 714-558-1881 TWX: 910-595-1109 


*“SANTA CLARA, CALIFORNIA 

3080 Olcott Street 95050 

Suite 210A 

Tel: 408-244-1400 TWX: 910-338-0241 


*DENVER, COLORADO 
7475 W. 5th Ave., Suite 100 
Lakewood, Colo. 80226 
Tel: 303-234-9292 


*STAMFORD, CONNECTICUT 

2nd Floor 

2777 Summers Street 06905 

Tel: 203-348-7701 TWX: 710-474-1763 


ORLANDO, FLORIDA 

Crane’s Roost Office Park 

303 Whooping Loop 

Altamonte Springs, Fla. 32701 

Tel: 305-834-7000 TWX: 810-850-0152 


TAMPA, FLORIDA 

12945 Seminole Blvd. 

Florida Twin Towers Bldg. 2, Room 6 
Largo, Fla. 33540 

Tel: 813-585-3892 


*CHICAGO, ILLINOIS 
9950 W. Lawrence Avenue 
Room 311 
Schiller Park, Ill. 60176 
Tel: 312-671-4660 TWX: 910-227-0051 


FAIRCHILD SALES OFFICES 


FORT WAYNE, INDIANA 

2118 Inwood Drive 46805 

Suite 111 

Tel: 219-483-6453 TWX: 810-332-1507 


*INDIANAPOLIS, INDIANA 
7202 N. Shadeland 46250 
Tel: 317-849-5412 TWX: 810-260-1793 


BLADENSBURG, MARYLAND 

5801 Annapolis Road 20710 

Suite 500 

Tel: 301-779-0954 TWX: 710-826-9654 


*BOSTON, MASSACHUSETTS 

888 Worcester Street 

Wellesley Hills, Mass. 02181 

Tel: 617-237-3400 TWX: 710-348-0424 


DETROIT, MICHIGAN 

Westland Office Plaza 

33300 Warren Avenue Suite 101 
Westland, Mich. 48185 

Tel: 313-425-3250 TWX: 810-242-2973 


MINNEAPOLIS, MINNESOTA 

7600 Parkiawn Avenue 

Room 251 

Edina, Minn. 55435 

Tel: 612-835-3322 TWX:910-576-2944 


WAYNE, NEW JERSEY 
580 Valley Road 07490 
Suite 1 

Tel: 201-696-7070 


ALBUQUERQUE, NEW MEXICO 

2403 San Mateo N.E. 87110 

Plaza #2 

Tel: 505-265-5601 TWX: 910-989-1186 


BINGHAMTON, NEW YORK 
3215 E. Main St. Suite 7 
Endwell, NY 13760 

Tel: 607-754-1094 


*MELVILLE, NEW YORK 
275 Broadhollow Road 11746 
Tel: 516-293-2900 TWX: 510-224-6480 


POUGHKEEPSIE, NEW YORK 
15 College View Ave. 12603 
Tel: 914-452-4200 TWX: 510-248-0030 
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*ROCHESTER, NEW YORK 
600 Kreag Rd. 

Pittsford, NY 14534 

Tel: 716-385-1130 


CLEVELAND, OHIO 

6151 Wilson Mills Rd. 

Suite 101 

Highland Heights, Ohio 44143 

Tel: 216-461-8288 TWX: 810-427-9271 


DAYTON, OHIO 

4812 Frederick Road 45414 

Suite 101 

Tel: 513-278-8278 TWX: 810-459-1803 


TULSA, OKLAHOMA 
5321S. Sheridan Road 74145 
Suite 15 

Tel: 918-663-7131 


“PHILADEPHIA, PENNSYLVANIA 

Fort Washington Industrial Park 

500 Office Center 

Fort Washington, Pa. 19034 

Tel: 215-886-6623 TWX: 510-665-1654 


SENECA, SOUTH CAROLINA 
27 Normandy Shores 

Annex #2, RFD #1 

Seneca, South Carolina 29678 
Tel: 803-882-1760 


*DALLAS, TEXAS 

13771 N. Central Expressway 75231 
Suite. 809 

Tel: 214-234-3391 TWX: 910-867-4757 


*HOUSTON, TEXAS 

6430 Hillcroft 77036 

Suite 102 

Tel: 713-771-3547 TWX: 910-881-6278 


MILWAUKEE, WISCONSIN 
4642 76th Street 

Suite 101 

Greenfield, Wisconsin 53220 
Tel: 414-282-5260 


*Field Applications Engineer available. 


FAIRCHILD INTERNATIONAL DISTRIBUTORS 


AUSTRIA AND 
EASTERN EUROPE 
Burisch GmbH & Co. KG 
Scheydgasse 31 

A-1210 Wien 

Tel: (0222) 38 76 38 
Telex: 13310 


R.1.Z. 
Bozidariceva 13 
YU-41000 Zagreb 
Tel: 64 46 96 
Telex: 21288 


BENELUX 

Sotronic S.A. 

Rue Pere de Deken 14 
B-1010 Bruxelles 

Tel: (02) 7 36 10 07 
Telex: 25141 


Inelco Nederland BV 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 93 48 24 
Telex: 14622 


FRANCE 

Aimex S.A. 

48, Rue de I’Aubepine Z.I. 
92160 Antony 

Tel: 6 66 21 12 

Telex: 28823 


Almex (Aldrodis) 
40 Rue Villon 
69008 Lyon 

Tel: (1) 69 59 52 


Disten S.A. 
Filiale de Scaib 


32, Place de fa Loire, Zone Silic 


94150 Rungis 
Tel: 6 86 66 63 


R.E.A. Distribution 
57, Rue Henri Litolff 
92270 Bois-Colombes 
Tel: 7 84 71 19 
Telex: 63694 


Scientech S.A. 

11, Avenue Ferdinand Buisson 
75016 Paris 

Tel: 6 09 91 36 

Telex: 26042 


SFDI 

13, Rue Rixens 
31200 Toulouse 
Tel 61 48 57 39 


GERMANY 

Dohrenberg 

1000 Berlin 30 
Bayreuther Str. 3 

Tel: (030) 2 13 80 43 - 45 
Telex: 01 84860 


Unitronic GmbH & Co. KG 
2360 Bad Segeberg 
Lindhofstr. 3 

Tel: (0455) 20 65/20 65 
Telex: O02 61646 


Unitronic GmbH Co. KG 
3160 Lehrte 
Markscheider Weg 41 
Tel: (05132) 5 3001 - 3 
Telex: O9 22084 


GERMANY 


Unitronic GmbH, Ing. R. Breiden 


4000 Duesseldorf 30 
An der Thomaskirche 50A 


Tel: (0211) 62 44 39/63 42 14 


Telex: 08 586434 


Berger Elektronik GmbH 
6000 Frankfurt 

Am Tiergarten 14 

Tel: (0611) 49 03 11 
Telex: 04 12649 


Elcowa GmbH 

6200 Wiesbaden-Schierstein 
Zeilstrasse 32 

Tel: (06121) 2 30 01/2 
Telex: 04 186 202 


Electronic 2000 
7000 Stuttgart 1 
Weisstannen 10 
Tel: (0711) 23 29 27/28 
Telex: 07 22179 


Technoprojekt 

7000 Stuttgart 50 
Heinrich-Ebner-Str. 13 
Tel: (0711) 56 17 12 
Telex: 07 254490 


Electronic 2000 
8000 Muenchen 80 
Neumarkter Str. 75 
Tel: (089) 43 40 61 
Telex: 05 22561 


Unitronic GmbH 
8019 Ebersberg 
Hochfelin 4 

Tel: (08092) 2 13 33 


Electronic 2000 
8501 Eckental 
Rodelhang 7 

Tel: (09126) 84 01 


ITALY 

AEP 

Via Terracina 311 
80125 Napoli 

Tel: (081) 63 OO 06 | 


Adelsy S.a.S. 

Via Savigno 5 

40141 Bologna 

Tel: (051) 47 06 22/48 11 49 


Gagliardi S.n.C. 

Via Vacchieri 8 

10093 Collegno (Torino) 
Tel: (011) 7 80 81 - 84 
Telex: 20270 


Marini Nicola 

Via Silvati 415 
80141 Napoli 

Tel: (081) 29 97 03 


Microlem S.a.S. 

Via Monteverdi 5 

20131 Milano 

Tel: (02) 22 03 17/22 03 26 


Pantronic S.r.L. 

Via della Mendola 10 

00135 Roma 

Tel: (06) 32 48 66/3 28 80 48 


Silverstar S.p.A. 
Via dei Gracchi 20 
20146 Milano 

Tel: (02) 49 96 
Telex: 32634 


8-8 


SCANDINAVIA 

E. Friis-Mikkelsen A/S 
51 Krogshojvej 
DK-2880 Bagsvaerd 
Tel: (02) 98 63 33 
Telex: 22350 


Findip AB 
Teollisuustie 7 

P.O, Box 34 
SF-02700 Kauniainen 
Tel: (90) 50 22 55 
Telex: 123129 


Datamatik AS 
Pstersjoveien 62 
Oslo 6, Norway 
Tel: (02) 26 63 30 
Telex: 16067 


Nordqvist & Berg 
P.O. Box 9145 
$-10272 Stockholm 
Tel: (08) 69 04 00 
Telex: 10407 


UNITED KINGDOM 

Comway Electronics Ltd. 

John Scott House 

Market Street 

Bracknell, Berks. RG12 1JU 

Tel: Bracknell (0344) 2 47 65/2 45 71 
Telex: 847201 


Gothic Electronics Ltd. 
Beacon House 

Hampton Street 

Birmingham 19B9 31P 

Tel: (021) 236 5060/236 8541 
Telex: 338731 


.T.T. Electronics Services 
Edinburgh Way 

Harlow, Essex 

Tel: Harlow (02796) 2 68 71 
Telex: 81146 


Macro Marketing Ltd. 

396 Bath Road 

Slough, Bucks. 

Tel: Slough (0753) 3 54 44 
Burnham (06286) 6 30 11 

Telex: 847083 


Salford Electrical Instruments Ltd. 
Peel Works, Barton Lane 

Eccles Manchester M30 8HL 

Tel: (061) 7 89 50 81 

Telex: 667711 


S.C. European Components Ltd. 
Unit 9, M 40 Industrial Centre 
Coronation Road 

High Wycombe, Bucks. 

Tel: (9494) 3 61 46 

Telex: 837163 


Superdis Ltd. 


41 Loverock Road 


Reading RG3 IED, Berks. 
Tel: (0734) 59 49 33 


Telex: 847147 


Neitronics Ltd. = | 
John F. Kennedy-Road. 
‘Naas Road 

Dublin 12, Ireland — 
Tel: (Dublin) 50 18 45 
Telex: 4837 


FAIRCHILD INTERNATIONAL DISTRIBUTORS (Cont'd) 


OTHER 

W. Moor AG 

Bahnstr. 58 

CH-8105 Regensdorf 
- Tel: (01) 8 40 66 44 

Telex: 52042 


STG International Ltd. 

52 Nachlat Benyamin Street 
P.O. Box 1275 

Tel Aviv, Israel 

Tel: 5 34 59/5 31 15 

Telex: 33229 


Suin 
Espronceda 200-206 


Barcelona 5, Spain 
Tel: (03) 3 O7 22 04 


OTHER 

Teknim Ltd. 

Tersani Cad. Kut Han No. 38/605 
Karahoy, Istanbul 

Turkey 

Tel: 44 40 33 

Telex: 23540 


Teknim Ltd. 

Riza Sah Pehlevi Cad. 7 
Kavaklidere, Ankara 
Turkey 

Tel: 27 58 00 

Telex: 42155 


OTHER 

Fairmont Electronics (Pty.) Ltd. 
“Northwards” 

Jan Smuts Avenue, Craighall Park 
Johannesburg 2001, S. Africa 
Tel: (48) 64 21/64 81-2/76 13 
Telex: 83227 


EUROPEAN HEADQUARTERS 
Fairchild Halbleiter GmbH 
6202 Wiesbaden-Biebrich 
Postfach 4559 
Hagenauer Strabe 38 
Tel: (0 61 21) 20 51 
Telex: 04 186 588 
04 186 771 


INTERNATIONAL FIELD SALES OFFICES 


AUSTRALIA 

Fairchild Australia Pty. Ltd 
A.D.C. Pacific Building 

77 Pacific Highway 

North Sydney, N.S.W. 2060 
Australia 

Tel: 929-6711 

Telex: AA20053 FAIRSYD 


(mailing address) 

P.O. Box 450 

North Sydney, N.S.W. 2060 
Australia 


AUSTRIA AND 
EASTERN EUROPE 
Fairchild Electronics 
Schwedenplatz 2 
A-1010 Wien 

Tel: (0222) 63 58 21 
Telex: 75096 


BENELUX 

Fairchild Semiconductor 
Paradijsiaan 39 
Eindhoven, Holland 
Tel: (040) 44 69 09 
Telex: 51024 


BRAZIL 

Fairchild Electronica Ltd. 
Caixa Postal 30407 

Rua de Consola Cao, 3542 
Sao Paulo S-P., Brazil 

Tel: 81-6168 Telex: 021-261 
Cable: FAIRLEC 


CANADA 

Toronto Regional Office 

FSC 

1590 Matheson Blvd. Unit 26 
Mississauga, Ontario L4W 1J1, Canada 
Tel: 416-625-7070 TWX: 610-492-4311 


Fairchild Semiconductor 

1385 Mazurette Suite 3 

Montreal, Quebec, H4N 1G8, Canada 
Tel: 514-382-2552 TWX: 610-421-3178 


FRANCE 

Fairchild Semiconducteur S.A. 
121, Avenue d'Italie 

75013 Paris 

Tel: 5 80 55 66 

Telex: 20614 


GERMANY 

Fairchild Halbleiter GmbH 
Verkaufsleitung Deutschland 
8000 Muenchen 80 
Truderinger Str. 13 

Tel: (089) 4 70 10 91 

Telex: O5 24831 


Fairchild Halbleiter GmbH 
3000 Hanover 
Koenigsworther Str. 23 
Tel: (9511) 1 78 44 
Telex: O09 22922 


Fairchild Halbleiter GmbH 
6202 Wiesbaden-Biebrich 
Hagenauer Str. 38 

Tel: (06121) 20 51 

Telex: 04 186588 


Fairchild Halbleiter GmbH 
7251 Leonberg 
Poststrasse 37 

Tel: (07152) 4 10 26 
Telex: O7 245711 — 


Fairchild Halbleiter GmbH 
8500 Nuernberg 
Waldluststrasse 1 

Tel: (0911) 40 70 05 
Telex: O6 23665 


HONG KONG 

Fairchild Semiconductor (HK) Lid. 
135 Hoi Bun Road 

Kwun Tong 

Kowloon, Hong Kong 

Tel: K-890271 Telex: HKG-531 


ITALY 

Fairchild Semiconduttori S.p.A. 
Via Rosseline 12 

20124 Milano 

Tel: (02) 6 88 74 51 

Telex: 36522 


Fairchild Semiconduttori S.p.A. 
Via Citta di Castello 13 

00191 Roma 

Tel: (06) 3 27 40 06/3 28 75 48 
Telex: 61373 (boccara) 
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JAPAN 

TDK-Fairchild 

Sanyo Kokusaku Pulp Bldg. 2nd FI. 
7-8 Shibuya 1-Chome 

Shibuya-ku 

Tokyo 150, Japan 

Tel: 03-400-8351 Telex: 2424173 


MEXICO 

Fairchild Mexicana S.A. 

Blvd. Adolfo Lopez Mateos No. 163 
Mexico 19, D.F. 

Tel: 905-563-5411 Telex: 017-71-038 


SCANDINAVIA 

Fairchild Semiconductor AB 
Svartengsgatan 6 

S-11620 Stockholm 

Tel: (08) 44 92 55 

Telex: 17759 


TAIWAN 

Fairchild Semiconductor (Taiwan) Ltd. 
Hsietsu Building, Room 502 

47 Chung Shan North Road 

Sec. 3, Taipei, Taiwan 

Tel: 523205 thru 573207 


UNITED KINGDOM 

Fairchild Semiconductor Ltd. 
Kingmaker House 

Station Road 

New Barnet, Herts. EN5 1NX 
Tel: (01) 4 40 73 11 

Telex: 262835 


Fairchild Semiconductor Ltd. 
Shiel House, Craigshill 
Livingston, W. Lothian 
Scotland 

Tel: Livingston (0589) 3 28 91 
Telex: 72629 
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